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ABSTRACT 
"Effect ofHill Fire on Soil and Vegetation in 
Tai Mo Shan Country Park, Hong Kong � � 
Thesis submitted by YAU, Mei-szc 
for the degree of Master of Philosophy 
at the Chinese University ofHong Kong in June, 1996 
The present study investigated the effect of low intensity fire on the 
chemical properties of soil and vegetation regeneration in Tai Mo Shan Country Park 
in Hong Kong. A retrospective approach was adopted, with special emphasis on 
effects which occurred immediately and within one year after fire. The study was 
supplemented with laboratory incubations to ascertain factors governing nitrogen 
processes in soil. 
Fire increased exchangeable H, organic matter, TKN and NH4-N, but 
reduced exchangeable A1, K, Ca, Mg, total P and NO3-N contents of the soil. ECEC 
« 
increased from 10.70 to 14.06 cmol kg'^ due to a disproportionate increase in 
exchangeable H, not the bases. These changes were discussed with reference to nature 
of the fire and vegetation. 
Soil chemical changes fluctuated with seasons after burning. The effects 
caused by fire were largely ephemeral, lasting for one season only. The frequently 
k 
bumt soil remains strongly acidic, deficient in cation nutrients and P, and low in base 
i 
saturation. Conversely, it contains high organic matter (7.83-10.37 %) and TKN 
(0.31-0.39 %) all the year round. 
Ammonification (17.69-43.87 ^ig g'^) predominated over nitrification (0-
1.97 ^g g ] ) in the burnt soil. However, mineral N constitutes less than 1% of the total 
organic N. NH4-N is more easily immobilized than NO3-N, resulting in a net N 
immobilization for most part of the year. Plants prefer NH4-N to NO3-N, with 
progressive uptake in the summer months. Leaching of mineral N is insignificant, 
notwithstanding the heavy rainfall in summer. The inherent mechanisms o f the soil to 
conserve nutrients were discussed in light of repeated disturbances by fire. 
The addition of lime and phosphate had mixed results on the 
mineralization of N and P. NH4-N production was enhanced when the soil was 
amended to a pH range of 5.5-6.5, but suppressed with phosphate amendment. NO3-N 
and mineral P were not detected in any of the amended substrates. 
Fourteen species from twelve families regenerated after fire, 70% ofwhich 
from rhizomes and root stocks and the remaining 30% from seeds and spores. The 
species benefited greatly from the flush 0fNH4-N in soil. Total coverage o f the bare 
ground increased rapidly from 4.5% in February to 95.2% in November. 
The role of fire and ecosystem restoration in the local environment were 
discussed with reference to the nutrient-supplying capacity of the soil immediately 
and within one year after fire. 
ii 
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Hong Kong is situated at the mouth of the Zhujiang (Pearl River), on the 
2 
southern coast of China. With a total land area of 1,091 km，three-quarters of the 
territory are rugged and hilly. Under the influence of subtropical monsoon climate, 
Hong Kong has a well-marked hot humid summer and cool dry winter, with an annual 
rainfall of 2,200 mm and a mean monthly temperature of 30°C (summer) and 15°C 
(winter). Although the soil is strongly acidic and deficient in nutrient reserves, the hot 
humid climate used to support a climax vegetation dominated by semi-deciduous 
hardwood forests (Thrower 1975). However, this plant community had disappeared 
since the mid-1800s primarily due to cutting and disturbance of anthropogenic hill 
i 
fires (Thrower 1975; Thrower 1984; Thrower and Thrower 1986; Chau 1994). 
Hill fires in the local context refer to grass and bush fires that occur in the 
countryside at specific time of the year. In the past, they were caused by traditional 
“slash and bum” �sending aloft of Hung Ming lantems\ and sparks from exhausts of 
badly maintained vehicles (Daley 1975). The population of Hong Kong has increased 
to over 6 million in the early 1990s and hill fires are now caused by the burning of 
joss sticks and incense papers at ancestral graves during Ching Ming and Chung 
‘Hung Ming lantems are a kind of hot air balloon. Sending aloft these lantems was an old custom at 
the Mid-Autumn Festival (Daley 1975). 
1 
Yeung festivals^. Picnicking fires, discarded cigarette ends and glowing matches are 
additional causes of fire in autumn and winter time when the amount of recreationists 
is at the most (Daley 1975). 
Realizing the importance of nature conservation and the need to provide 
recreational space for a growing population, the Country Parks Ordinance was enacted 
in August 1976 to provide a legal framework for the designation, development and 
management of country parks and special areas (Thrower 1984). Nowadays, a total of 
21 country parks and 14 special areas, which cover 41,351 hectares or equivalent to 
40% of the total land area of the territory, have been established for nature 
conservation, countryside recreation, and education. Management of these country 
parks and conservation of wildlife are essential tasks of the Agriculture and Fisheries 
Department (AFD). Much effort and money are spent on reforestation to protect water 
catchments and to provide diverse habitats for wildlife. However, a rash of fires is 
enough to bum everything. 
To minimize damages caused by fire, fire prevention and fire fighting in 
winter remain the most important tasks of the Country Park Management Division of 
the AFD. Hill fire prevention work includes the establishment of fire breaks, cutting 
grass along vehicular accesses and the provision of metal tins at strategic locations for 
joss sticks and incense paper burning. More wardens are dispatched to patrol country 
parks and to caution recreationists of the glowing matches and cigarette ends (AFD 
2 Ching Ming and Chung Yeung are grave sweeping festivals in the Chinese culture. They fall in April 
and November, respectively. At that time of the year, the vegetation is largely dormant and mean 
relative humidity in November is as low as 69% (Royal Observatory 1995). 
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1993). Restoration of fire-damaged areas is accorded top priority in spring, which 
accounted for nearly one-third of the total tree saplings planted each year. Hill fire is 
indeed the major threat of our country parks and its influence is as great as that of 
climate in shaping the vegetation of the territory. 
J 1.2 Fire as an ecological factor in Hong Kong 
^ ' (As the most destructive single agent in Hong Kong's countryside, fire has 
been imposing progressive deterioration on our natural ecosystem (Thrower 1984). 
Over half of the area within the country park boundaries has been bumt at least once 
in the last twelve years (Chau and Leverett 1994). It is estimated that about 200 hill 
fires occur in the cool dry seasons, primarily caused by the local villagers, grave 
sweepers and country park visitors (AFD 1993). During dry seasons, stretching from 
mid-September to mid-April, fire races out of control in dry grass and reduce large 
areas to ashes within minutes (Thrower 1975). In this period, the combustible fuels 
are desiccated, the air humidity is low, and the strong winds from the north-east 
monsoon can easily fan up an ignited spot and quickly spread the fire front (Jim 
1 9 8 6 ) . ‘ 
x'‘“ 
fs , 
“ T a b l e 1 summarizes the damage caused by hill fires and the number of 
、 、 : \ _ _ . _ 
|trees replanted during the last 15 years. While the number of outbreaks and extent of 
damage varied between fire seasons, hill fire is undoubtedly the greatest threat of the 
local vegetation because some 28% of the territory are affected. Worse still, some 
sensitive areas had been bumt repeatedly. The ugly and unpleasant appearance of a 
blackened hillside covered with dead trees is only one of the effects of fires. With 
3 
death o f t h e plants, the sequence of erosion and degeneration begin (Thrower 1984). 
Although the total number of trees planted were nearly 3 times of those annihilated 
(Table 1.1)，field evidence clearly shows that the effort is wasted in areas with high 
i 
fire frequency. 
Table 1 • 1 Number of hill fires and trees planted in Hong Kong, 1980-1995 • 
Areas affected No. of trees No. of trees 
Fire season N o . o f f i r e s ¢ ^ affected planted 
“ l 9 8 ^ W \ 820 16,000 327,860 
1981/82 368 1,580 154,000 431,870 
1982/83 204 1,008 32,000 250,000 
1983/84 434 5,246 218,000 312,000 
1984/85 208 915 77,000 232,000 
1985/86 306 5,414 541,000 435,500 
1986/87 281 1,303 80,000 545,000 
1987/88 217 1,416 74,400 360,162 
1988/89 234 2,037 97,400 303,008 
1989/90 160 1,332 84,000 445,309 
1990/91 184 2,244 89,400 348,910 
1991/92 107 1,094 158,300 354,330 
1992/93 221 2,713 193,400 320,200 
1993/94 155 1,029 86,200 323,200 
1994/95 96 ^ 42,000 317,600 
— T o t a l 3,456 28,535 1,943,100 5,306,949 一 
Source: Agriculture and Fisheries Department Annual Report, 1980-1995. 
Fire is hazardous to the local vegetation. After hill fire some of the plants 
will eventually grow back from the roots，but repeated fires will kill almost everything 
(Chau and Laverett 1994). Instead of undergoing a natural succession from grass to 
scrub and to forest, the vegetation community of the bumt areas remains 
predominantly at grassy level. Natural succession is therefore arrested by periodic 
burning. The plant community structure is simplified and the present hillside 
grassland is classified as a pyrogenic community (Hodgkiss et al. 1981). 
4 
Figure 1.1 illustrates the sequence of natural succession after fire in Hong 
i 
^ong . I f t h e period between fires is of the order of 20 years or more, there is time for ‘ 
^ees to grow and woodland may be re-established. If it is of the order of 5 years, ‘� 
\ 
'�.-.. 八 J 
succession is difficult to progress beyond scrubland. At intervals of one to two years, 
the community is dominated by grassland and isolated patches of shrubs. With 
repeated annual bums, the shrub species finally disappear and only grass species and a 
\ 
few herbs and fems remain (Hodgkiss et al 1 9 8 1 ) . ) 
Figure 1.1 The sequence of events following fire. 
广 v ^ — j 
one f i re ( CUmax broad-leaved forest 
‘‘ normal ^ repeated fires at 
succession y short intervals 
one fire ^^ ^^ ^^ ^^ ^^ ^^ ^^ ^ Secondary Pinus woodland ""tI|]]]]^ 
‘ normal 、repea ted fire$ at 
succession ) short intervals 
广 ~ ^ - J 
one fireC Scrubland ^ ^ 
^ ^ ^ N ^ 
normal N repeated fires at 
succession ) short intervals 
广 ~ 、 : ; ^ 
one flre( Grassland - ^ ^ 
^ ^ — ^ v repeated fires at 
j short intervals, 
y accelerated erosion 
Badlands "*^"""^^ 
Source: Hodgkiss et al. (1981). An Introduction to Ecology ofHong Kong, Volume 1, p.55. 
While hill fires in Hong Kong are mostly caused by man, the extent of 
damage is unpredictable^. Due to the lack of reliable fire records, studies largely focus 
r \ . 
on the immediate and short-term effects of fire (Raison et al 1993). However, the 
AFD in Hong Kong has a reasonably good fire record of the country parks for the last 
3 On 9 March 1996, a blaze at Pat Sin Leng Country Park claimed 5 lives, teachers and students, and 
injured another ten. This was the worst hill fire that had caused deaths and injuries in Hong Kong. 
5 
20 years (Thrower 1984). This offers great potentials in the study of fire ecology on a 
long-term basis, especially the impact on nutrient cycling, vegetation succession and 
ecosystem productivity. 
In addition, the study of fire ecology in subtropical ecosystems is at the 
infancy stage and information about effects of fire on soil and vegetation communities 
is not as voluminous as those in temperate ecosystems. Is the knowledge from the 
temperate region transferable to a subtropical environment like Hong Kong? 
J 1.3 Conceptual framework of the study 
Fire can affect nutrient budgets, cycling processes and thus the stability of 
plant communities (Raison et al. 1993). The magnitude of these effects is highly 
variable and dependent on different intensity, frequency and types of fuel (Christensen 
1987). 
Fires not only destroy the biomass by direct ignition but also change the 
soil nutrient status, either enhancing a flush of nutrients (Binkley and Christensen 
1992) by increasing soil pH (Dymess et al 1989) and combustion of organic matter 
(Raison 1979) or depleting soil nutrients by the increased sediment loss after burning 
(Hudson et al 1983). As plant species are limited by the level of stresses (shortage of 
light, water or nutrients) and disturbances (soil erosion, fire or cultivation) (Pomeroy 
and Service 1986)，nutrient cycling and mineral budget for vegetation after a 
disturbance are pertinent to ecosystem development (Rapp 1983). The hot wet 
summer in Hong Kong favours plant growth and a build-up of biomass that is 
6 
susceptible to burning in the cool dry winter. Will fires enhance or deplete nutrient-
supplying capacity of the soils? What effects will fire have on nutrients contained in 
the fuel? Although these are important questions pertinent to ecosystem development 
in Hong Kong, virtually no research has been conducted in this field. 
Hong Kong's hill fires are mostly characterized by low intensity bum of 
short duration as shown by remnants of blackened ash and charred plant residues in 
the field. In a local experimental fire study, Chau (1994) reported that the above-
ground (5 cm) mean maxima temperature exceeded 600°C but was less than 40°C at 3 
cm below the soil surface for shrub and grass fires. If combustion of plant material is 
complete, the C, H, 0，N and organic S will be volatilized, while the cationic elements 
are rendered water soluble and hence immediately available for plant uptake (Raison 
1979). What are the chemical properties of the local ash? How long will it stay on the 
soil surface when NE monsoon prevails in the fire season of Hong Kong? Is the ash 
made up of metal oxides resulted from complete combustion? If so, can they 
ameliorate the local hill soil and enhance ecosystem productivity? If not, does it mean 
that fire causes a net loss of nutrients from the ecosystem? 
Although fire is perceived as a hazard of the countryside, few studies have 
been conducted on fire ecology in Hong Kong. Of the scanty information available, 
the emphasis was on vegetation response to fire (Thrower 1975; Thrower and 
Thrower 1986; Chau 1994) while the impact on soil nutrient dynamics, especially 
nitrogen and phosphorus, is entirely neglected. 
7 ‘ 
Effects of fire on nitrogen availability is two-sided. On the one hand, 
volatilization was the major pathway of N loss during combustion (Raison et al 
1985). On the other hand, many studies found a flush of mineral nitrogen (Viro 1974; 
Raison 1979) after fire due to the pyrolysis of organic nitrogen (DeBano et al 1979). 
What is the fate of nitrogen in a vegetation community that is combusted annually? 
Hong Kong has a mosaic type of vegetation, in which grassland and woodland are 
represented within small areas. Will there be any differences in nitrogen behaviour 
between a grass fire and a woodland fire? If so, what are the causes accounting for 
such a difference? As there are few nitrogen-fixing legumes in the local vegetation, 
will the volatilization loss ofnitrogen affect long-term productivity of the ecosystem? 
Post-fire mineralization and, in particular, ammonification and 
nitrification, is an important subject matter of research because the turnover of 
nitrogen is closely related to ecosystem productivity (Bauhus et al 1993). However, 
mineralization has never been examined on local soils after burning. Although many 
studies reported an increase o f N mineralization after fire due to the increased soil pH 
(Christensen and Muller 1975) and the favourable soil temperature that activated 
microbial activities (Wells et al 1979)，contrast findings were also reported 
(Biederbeck et al 1980; Bell and Binkley 1989; Raison et al 1990). Hossain et al 
(1995) even suggested that the higher the fire frequency the lower the soil N 
mineralization. What effects fire have on the mineralization of soil in a frequently 
bumt vegetation community? Will the blackened ash benefit soil ammonification and 
nitrification? Where the topography is steep and runoff is excessive in summer, are 
the effects of ash short-lived? Likewisely, is there any seasonal pattem in 
8 
mineralization bearing in mind that Hong Kong has distinct wet and dry seasons? Will 
the effects of heat and ash on mineralization be offset by other localized factors such 
as steep topography and limited soil moisture supply? Of course, the fate of mineral 
nitrogen is essential not only to regeneration of the species but also to long-term 
productivity of the soil. Are there any intrinsic mechanisms through which mineral 
nitrogen can be retained in an ecosystem that is repeatedly bumt? 
Phosphorus is required by both plants and microorganisms for 
accumulation and release of energy during cellular metabolism (Alexander 1977). The 
chiefsource oforganic phosphorus compounds entering the soil is the vast quantity of 
vegetation that undergoes decay (Alexander 1977) and from the parent rock mineral 
apatite. Incidentally, ecosystems subjected to periodic buming are mostly on P-
deficient soils (Raison et al 1985). Studies also showed that there was no relationship 
between fire and P availability (Binkley et al 1992). As the local soils are strongly 
acidic, P is easily complexed with Al, Fe and silicate minerals, forming insoluble or 
slowly soluble compounds (Stevenson 1986). Will periodic fires augment P 
deficiency in the local hill soils and if so, what will be the fate of this element under 
the acidic soil environment? P is a limiting factor to plant growth but its effect on 
ecosystem productivity in a fire-prone environment like Hong Kong is virtually 
unknown. The behaviour of P during and immediately after buming deserves greater 




Within the soil-plant subsystem, fires cause direct damage to vegetation 
through ignition and combustion (Chandler et al 1991) but it also helps maintain 
community stability (Riggan et al 1988). However, frequent fires would 
progressively reduce the diversity of the initial floristic composition (Thrower and 
Thrower 1986). Chau (1994) found that the fire-prone areas in Hong Kong were 
relatively poor in species composition and that fire was the major threat of plant 
biodiversity. Likewisely, vegetation productivity was adversely affected by periodic 
fires (Thrower 1975) even though many of the local plant species could regenerate 
from root stocks and rhizomes (Thrower and Thrower 1986). As most of the local 
studies focused on post-fire regeneration, the interaction between soil and plant is 
neglected. Is the knowledge from overseas studies transferable to the local 
environment and, if not, what are the effects of periodic buming on vegetation 
regeneration and productivity? What are the first regenerated species and by what 
means? Are they species that have developed specific regenerative traits in a fire-
prone environment or do they have a competitive advantage over others on the flush 
of nutrients following buming? 
1.4 Objectives of the study 
In order to bridge the knowledge gaps and to answer some of the above 
questions, the present study investigated the chemical properties of soil and pattem of 
vegetation regeneration in a new burnt site in Tai Mo Shan, the New Territories of 
Hong Kong. The mineralization of nitrogen and phosphorus after hill fire was 





Tai Mo Shan represents a typical upland ecosystem in Hong Kong and 
many more similar examples are found in South China. As the fire intensity of the 
study site was largely conjectural, we could only assume from the presence of 
blackened ash that it was a low intensity bum (White et al. 1973). In short, a 
retrospective approach is adopted, with the following specific objectives: 
(1) To examine the effect of a low intensity fire on the chemical properties of soil, 
(2) To investigate the seasonal fluctuations of soil mineral nitrogen and phosphorus 
in relation to leaching and plant uptake, 
(3) To examine the effect of lime and phosphorus on N and P mineralization of the 
bumt soil, and 
(4) To investigate vegetation regeneration and to relate such to soil nutrient fluxes 
following fire. 
It is beyond the scope of this study to address all the questions raised 
above. Constrained by manpower and the availability of equipment, the study 
examined the short-term effects of fire on soil and vegetation for a period of one year. 
This involves the comparison of soil chemical properties between the bumt and 
control sites. The seasonal fluctuations of soil chemical properties for the new bumt 
site are examined in great details in an attempt to elucidate the nutrient status of the 
soil and to relate such to the pattem of regeneration. It is sometimes difficult to isolate 
the effects of fire on soil in view of the complexity of the problem. This point will be 
discussed more in the following chapters. Lastly, the thesis attempts to verify whether 
strong acidity and P deficiency are limiting factors to N and P mineralization. 
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1.5 Significance of the study 
In Hong Kong, the task of country park management is to protect our 
wildlife from the impact of hill fires caused by recreationists and grave sweepers. 
Although reforestation of the countryside has been accorded top priority since World 
War II，hill fires in the dry seasons can easily offset this effort. 
Replanting of fire-damaged areas is a process of restoration which is now a 
frontier research topic. Hill fires only cause a disturbance of the vegetation but not 
destruction of the soil, as in open cast mining and landfilling. It therefore represents a 
moderate level of disturbance to the ecosystem as the soil is left intact (Aber 1990). In 
the process of restoration, foresters are confronted with the problems of species 
selection, time of planting, rote copying or imitation of the natural vegetation 
community，as well as management strategies after revegetation. By studying the 
temporal changes of nutrients as well as the mineralization of N and P after fire，we 
can have a better understanding of the nutrient-supplying capacity of the soils. This 
will ultimately benefit restoration work and the development of a restored community 
that is not only compatible with the surrounding environment but also sustainable in 
the long run. 
1.6 Organization of the thesis 
This thesis consists of seven chapters. Chapter 1 explains the problem of 
hill fire in Hong Kong and outlines the conceptual framework of this study. Chapter 2 




chemical properties as well as their seasonal fluctuations after the passage of fire. 
Chapter 4 deals with the temporal changes of nitrogen processes in the bumt soil, 
including mineralization, leaching and plant uptake. In situ incubation will be 
followed with special emphasis on factors that are likely to suppress or inhibit soil 
mineralization. The effects of lime and P on the mineralization 0fNH4-N, NO3-N and 
P are discussed in Chapter 5. Post-fire vegetation regeneration and nutrient 
composition of the regenerated species are examined and related to soil nutrient 
transformations in Chapter 6. Chapter 7 is a concluding chapter which summarizes the 
major findings of the study. The implications of these findings are discussed with 
respect to the inherent characteristics of hill fires in Hong Kong, nutrient-conserving 

















The study area is located in Tai Mo Shan Country Park in the central part 
of the New Territories in Hong Kong (Figure 2.1). The Tai Mo Shan Country Park 
comprises an area of 1,440 hectares, and is linked to the two bordering country parks 
Tai Lam and Shing Mun by the longest hiking trail, MacLehose Trail (100 km). 
Rising to 957 metres, Tai Mo Shan is the highest peak in Hong Kong. Designated in 
1979，it is one of the most popular country parks in the territory. 
The new bumt area is located in Compartment 21^ of the Tai Mo Shan 
Country Park and at 680-760 m above sea level, beyond the barrier gate (Figure 2.1). 
This area belongs to the low intensity recreation area^ where hiking is the most . 
popular recreational activity. A hill fire occurred at the night of 3rd February, 1995, 
probably caused by careless picnickers ^>ersonal communication with warden of Tai 
Mo Shan Country Park). As an anthropogenic fire, the intensity was largely 
conjectural. However, it was probably a low intensity bum as evidenced by the 
Ii, •;l 
4 
^ In Hong Kong each country park is subdivided into different compartments by the Agriculture and 
I Fisheries Department for easy reference and management purposes. 
I There are three categories of intensity use in country parks, viz. high, medium and low intensity 
I recreation areas. These three areas are categorized by the access ofpublic transport and the supply of 


































































































































































































































































































































































presence of blackened ash and incompletely combusted vegetation materials. The 
study area had been bumt in 1993. 
The unbumt control site is located in Compartment 18 of the same country 
park (Figure 2.1). The last fire occurred in 1994, which was also a low intensity bum 
caused by careless picnickers. These two sites were relatively similar in geology, 
aspect, altitude and gradients (Table 2.1) and any differences in soil chemical 
properties were believed to be caused by hill fire. 
Table 2.1 Characteristics of the two study sites. 
Attributes Control Bumt site 
Location (gridref.) KV028809 KV031813 
Elevation (m) 500-600 m 680-760 m 
Parent materials porphyry porphyry 
Soil type Red-yellow podzolic Red-yellow podzolic 
Slope gradient 16� 15.5° 
Year affected by fire 1994 1995 
2.2 Climate 
Figure 2.2 summarizes the mean monthly rainfall and temperature in Hong 
Kong, 1995. Under the influence of monsoon, Hong Kong has a distinct hot humid 
summer and a cool dry winter. In 1995, an annual rainfall of 2,754.4 mm was 
recorded while the mean monthly temperature was 28°C in summer and 16°C in 
winter. Rainfall was mainly concentrated in summer (June to August) but a 




Mean monthly temperature followed a seasonal pattem, being lowest in February 
(15.1°C) and highest in June (28.7°C). The seasonal variations are controlled by the 
cooling and heating of the great land mass while the day-to-day weather is influenced 
by both tropical- and temperate-latitude synoptic disturbances (Chin 1986). 
Mean monthly rainfall of the Chuen Lung meteorological station (the 
nearest weather station in Tai Mo Shan) is included for comparison in Figure 2.2. 
However, mean monthly temperature at Chuen Lung is not available. In general, the 
rainfall pattem resembled closely that of the territory although the monthly total of 
Chuen Lung was higher in April, June and September due to regional difference. 
Overall, relatively higher rainfall was recorded in June (459.5 mm), July (535 mm), 
August (922 mm) and October (461 mm). 
Figure 2.2 Mean monthly rainfall and temperature in Hong Kong, 1995. 
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Tai Mo Shan Country Park is situated entirely in an area of volcanic origin 
formed during the Middle and Lower Jurassic Period 135-195 million years ago. The 
Jurassic Period in Hong Kong was a time of multifarious geological activities, 
including sedimentation under marine and terrestrial conditions, volcanic action, 
igneous intrusion, crustal movements, and erosion (Peng 1986). During the later part 
of the Jurassic Period volcanoes erupted on a large scale in Hong Kong, resulting in 
the accumulation of a thick series of acid volcanic rocks. These rocks now occur 
extensively in all parts of Hong Kong, and because of their relatively high resistance 
to weathering they form all the highest peaks in the territory, including Tai Mo Shan. 
They are named the Repulse Bay Formation, with a thickness exceeding 2,000 m 
(Peng 1986). 
Tai Mo Shan porphyry is named after the Tai Mo Shan mountain (Davis 
1952). The summit and the high ridges which radiate from it consist of coarse tuff, 
while the lower slopes on the eastem and southern faces are mainly dominated by a 
mixture of tuff and lava deposits (Thrower 1984). The rock varies from pale grey to 
dark grey, and is characterized by a matrix containing euhedral white feldspar crystals 
and quartz crystals. Small lithic lapilli of dark aphanitic volcanic rock or sandstone are 
usually present (GCO 1988). Boulders are common where these rocks crop out. 
Petrography of the Tai Mo Shan porphyry shows that aluminium-based silicates 
including albite, orthoclase and anorthite constitute nearly 63% of the parent rock 




Due to deforestation by cutting and burning, the soils of Tai Mo Shan are 
exposed to desiccation by sunlight and erosion by torrential rains. Sheet and gully 
erosion drastically altered the topography while boulder streams are abundant on the 
flanks of Tai Mo Shan. Under forest the soils have undoubtedly well-developed 
profiles with organic-rich topsoil. Without the constant replenishment of leaf litter the 
hill soils tend to be thin and lacking in nutrients (Grant 1986). 
There have been conflicting views about the soil types developed from 
volcanic rocks in Tai Mo Shan. According to Grant (1960), red yellow podzols are 
dominant while in a more recent study, the soils are classified as yellow earths (Chang 
et al 1989). The red yellow podzolic soils are classified as belonging to the order 
Ultisol, sub-order Ustult and Haplustult or Plinthustult great groups (Grant 1986). 
Yellow earths occur in hilly areas above 500 m in Hong Kong where relative humidity 
is high. They are originated mainly from granite and volcanic tuff (Chang et al 1989). 
Despite the difference in classification, the soil is strongly acidic and deficient in 
exchangeable bases due to the siliceous nature of the parent rock as well as to severe 
leaching of the base elements. Although the soil is rich in organic matter (6.38-
8.94%), the contents oftotal (0.04-0.05%) and available P2O5 (0.3-0.5 mg 100g^) and 
total N (0.08-0.27%) are low (Grant 1960). These inherent soil properties do not 
deviate much from the average soils found in Hong Kong. Because of this, the soil 




Tai Mo Shan is the indirect water catchment for the Tai Lam Chung and 
Jubilee Reservoirs, and as a result the country park has been under the management of 
the Agriculture and Fisheries Department. Most of the forests are found below 550 m. 
They consist of a mixture of native and exotic species planted since 1946 (Thrower 
1984), including predominantly Liquidambar formosana, Castanopsis fissa, Acacia 
confusa, A. auriculiformis, A. mangium, Eucalyptus camaldulensis, Tristania conferta 
and Melaleuca quinquenervia. Exotic species are widely used in replacement planting 
ofareas disturbed by fire for their rapid growth as well as low nutrient requirement. 
Poor soil conditions, wind exposure, rapid runoff and frequent fires are 
limiting factors to plant growth for large areas in the Tai Mo Shan Country Park. The 
summit and exposed slopes (550 m and above) support only a thin vegetation of 
grassland consisting of a mixture of Miscanthus floridulus (sword grass), Arundinella 
nepalensis (minireed) and Ischaemum aristatum (duck-beak grass). These species are 
severely stressed in the dry winter offering the hikers a splendid view of the wavy 
plums (Thrower 1984). Intermingled with these grasses are Eragrostis spp., Helicteres 
angustifolia, Melastoma dodecandrum, Rhodomyrtus tomentosa, Hedyotis 
acutangula, Dianella ensifolia and Rubus reflexus. The shallow valleys have few 





EFFECTS OF HILL FIRE ON SOIL CHEMICAL PROPERTIES 
3.1 Introduction 
The major processes involved in the modification of soil chemical 
properties and nutrient availability are: transformation of nutrients from organic to 
inorganic forms, volatilization of nutrients to the atmosphere in smoke (Raison and 
McGarity 1979; Raison et al 1984; Raison et al 1985), erosion of ash and nutrient-
rich surface soil, and modification of rates of decomposition of litter and soil organic 
matter (Raison et al 1993). Of course, the magnitude of these effects depends on fire 
intensity, vegetation type (Binkley and Christensen 1992), fuel load and its quantity 
(Tomkins et al 1991). 
Soil pH increased immediately (Ellis and Graley 1983; Grove et al 1986; 
Kutiel and Naveh 1987; Rashid 1987; Dymess et al 1989) after fire due to the 
oxidation QMishita and Haug 1972) and combustion of organic matter (Raison 1979)， 
the consumption o fH+ ions during combustion (Binkley and Christensen 1992)，the 
domination of carbonates of the alkali and alkaline earth metals of the ash 
(Daubenmire 1968; Ulery et al 1993), and the consequential leaching of the alkaline 
salts from the ash and charcoal layer (Tomkins et al 1991). Most of the studies 





Raison 1979; Tomkins et al 1991) and the severer the burning, the greater the 
increase of soil pH (Bauhus et al 1993). 
Due to the combustion of organic matter, a nutrient flush is recorded after 
fire (Raison 1979; Kwari and Batey 1991; Binkley and Christensen 1992). Khanna 
and Raison (1986) reported that large quantities of Ca, Mg and K were mobilized after 
intense burning in eucalyptus forest, of which Ca remained dominant in the 0-5 cm 
soil for a period of 3 years. Similar findings were observed for eucalyptus rainforest 
(Ellis and Graley 1983) andjarrah {Eucalyptus marginata) forest (Grove et al 1986). 
In the black spruce forests (Dymess et al 1989) and chaparral (Marion et al 1991), 
however, K, Ca and Mg did not appreciably increase in the forest floor and surface 
mineral soil except in heavily bumt soils. 
Giovannini et al (1989) studied the chemical changes of soil in stepwise 
heating, excluding any plant residues. Ca increased to a peak at 220°C, dropped at 
460°C but had a sharp increase again at 900®C; Mg and Na increased to a peak at 
220®C and then dropped continuously with increasing heating; K increased 
progressively with its maxima at 700°C. As the samples were heated for an hour, the 
chemical changes could be exaggerated against that caused by a natural vegetation fire 
of similar intensity. Nonetheless, the release of nutrients is dependent on fire intensity, 
duration and inherent properties of the mineral soil. 
Subsequent changes in N availability following fire depended upon the 
quantity of N lost in the fire, changes in rates of microbial mineralization and 
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competition between microbes and plants for mineralized N (Binkley and Christensen 
1992). During the process of combustion, volatilization was the major pathway of 
nitrogen loss (Raison 1979; Raison and McGarity 1979; Maclean et al 1983; Raison 
et al 1985). Crutzen and Andreae (1990) reported that about 50 % of the nitrogen in 
biomass fuel could be released as molecular nitrogen, resulting in a sizable loss of 
fixed nitrogen in tropical ecosystems. Nonetheless, the amount of N lost by 
volatilization depended on the intensity o f b u m (Christensen 1973) and the amount of 
forest floor being bumt (Little and Ohmann 1988). 
Many studies found a flush of mineral nitrogen O^H4-N and NO3-N) after 
burning (Viro 1974; Sertsu and Sanchez 1978; Kovacic et al 1986; Stock and Lewis 
1986; Covington and Sackett 1992). The mechanisms causing NH4-N release would 
be the pyrolysis of organic materials (Christensen 1973; DeBano et al 1979; Dunn et 
al 1979; Mroz et al 1980; Covington and Sackett 1992) together with the retaining 
mechanism by cation exchange sites (Sertsu and Sanchez 1978), increased microbial 
activity due to more favourable soil temperature following the fire (Wells et al 1979), 
lower uptake by plants and microbes, increased soil pH and decreased organic 
inhibitors such as phenolic compounds (Christensen and Muller 1975; Christensen 
and MacAller 1985). Raison (1979) also reported that temperatures above 4 0 0 � C 
could cause an increase in soil NH4-N. 
Covington and Sackett (1992) showed that the magnitude 0fNH4-N flush 
was directly related to the difference between initial forest floor weight and the 
amount of forest floor bumed. Moreover, fire intensity and frequency were crucial to 





the magnitude 0fNH4-N flush as repeated low-intensity buming had the potential to 
deplete the much smaller mineralizable pool of organic N than a single fire event 
(Vance and Henderson 1984; Raison et al 1993). 
A rise in NO3-N sometimes occurred after the bum due to greater 
nitrification rates (Christensen 1973) caused by the availability 0fNH4-N (Covington 
and Sackett 1992) and increased soil pH (Bauhus et al 1993). However, Blank et al 
(1994) reported a decrease of NO3-N due to volatilization at temperatures above 
150°C (Raison 1979). Raison (1979) also reviewed that the concentration of NO3-N 
was always low in saturation extracts and soil percolates, and that it was unaffected by 
buming despite the presence of large amount of NH4-N and ash in the soil (Raison 
and McGarity 1979). 
Phosphorus is an essential element to plant growth, second to nitrogen in 
importance (Stevenson 1986). However, ecosystems subjected to periodic buming are 
mostly on P-deficient soils where P inputs from both weathering and atmospheric 
accession are low (Raison et al 1993). The effects of fire on P are poorly 
characterized (Binkley and Christensen 1992). Giovannini et al. (1989) reported that 
above 460°C, organic P was totally destroyed and P was only present in inorganic 
form (Kwari and Batey 1991). Sertsu and Sanchez (1978) found a marked increase in 
available P in the Ethiopian amorphous soil when heated at 200°C or above. Dymess 
and Norum (1983) also reported an increase in available P in the forest floor as a 
result of moderate and heavy buming. The increase was caused by reduced microbial 
immobilization of P (Wilbur and Christensen 1985). Thus, buming appeared 
i; 
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beneficial to P cycling in the short-term. However, if the bumt areas were strongly 
acidic, phosphate was always low even with significant deposition in the ash (Khanna 
and Raison 1986). This is because phosphate is easily complexed with Al and Fe 
which are abundant under acidic conditions (Stevenson 1986). Binkley et al (1992) 
also found no clear relationships between fire and P availability and attributed this to 
inherent deficiency o f P in the soil. Raison et al (1985) suggested a rotation length of 
more than 20 years for P replacement after a severe fire event or periodic burning. 
In short, overseas fire studies concentrated on the effect of different types 
of fire on the vegetation, soil physical and chemical properties. While the immediate 
effects after burning are intensively studied, the short-term effects of fire on a 
seasonal and annual basis are rarely followed. What is the nutrient-supplying capacity 
of the soil immediately after buming? How will it vary with seasons in the following 
year? This information is crucial in understanding vegetation regeneration in the short 
run and ecosystem productivity in the long run. 
Recognizing this knowledge gap, the present experiment examines the 
immediate effects of a low intensity bum on the chemical properties of soil as well as 
their seasonal changes for a period of one year. As discussed in Chapter 2, the study 
area is frequently affected by low intensity fires, and the resultant vegetation 
(grassland intermingled with isolated shrubs) is typical in Hong Kong. Special 
emphasis would be on soil acidity, nitrogen, phosphorus, and the major cations. 
Findings from this experiment will answer the following questions: 
1. What effects the low intensity fire have on acidity of the soil? 




2. How will the low intensity fire affect the organic matter, nitrogen and 
phosphorus contents of the soil? 
3. Will the low intensity bum increase the availability o f K , Na, Ca and Mg in 
soil? 
4. Do the chemical properties of a bumt soil fluctuate with seasons after fire? 
5. What will be the overall effect of a low intensity bum on the nutrient-
supplying capacity of a frequently bumt soil? 
3.2 Methodology 
3.2.1 Sampling 
Soil samples were collected in February (1 week after fire), May, August 
and November. Fifteen sampling points from the bumt site were selected by 
systematic random sampling. From each sampling point, soil sample was collected 
from 0-10 cm depth. The samples were returned to the laboratory, air-dried at room 
temperature and passed through 2 mm sieves. A subsample of the <2 mm soil was 
further sieved at 0.25 mm. For chemical analysis that required fresh soil，the samples 
were kept in the refrigerator at 4°C after passing 2 mm sieve. 
Soil samples were likewisely collected from a nearby unbumt site in 
February for comparison purpose. Fifteen sampling points were selected by 
systematic random sampling. From each point, soil sample was collected from 0-10 
cm depth, returned to the laboratory and treated in the same way as the bumt soil. 
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3.2.2 Soil reaction 
Soil pH was measured by mixing 10 grams 2 mm soil with distilled water 
at a soil:water ratio of 1:2.5 (w/v). After shaking for 10 minutes, the soil suspension 
was tested for pH by use of an Orion Expandable ion Analyzer. 
3.2.3 Total Kjeldahl nitrogen (TKN) 
The Kjeldahl digestion method was used in the determination of total 
nitrogen. One gram of 0.25 mm air-dried soil was digested in sulphuric acid in the 
Tecator DS20 digestor block, with the additions of copper sulphate as catalyst and 
potassium sulphate to raise the boiling point. Free ammonia was liberated from the 
digest by steam distillation in the presence of excess alkali with the use of Tecator 
Kjeltec 1026 distillation unit. The distillate was collected in a receiver containing 
excess boric acid and determined titrimetrically, using 0.01M hydrochloric acid. 
3.2.4 Mineral nitrogen (ammonium and nitrate nitrogen) 
Ammonium nitrogen and nitrate nitrogen were determined 
colorimetrically. Due to the low mineral nitrogen content of the local soil, 10 grams 2 
nun fresh soil were extracted with 2M potassium chloride. After shaking for an hour, 
the extract was filtered through Whatman 44 filter paper. The filtrate was determined 
colorimetically after addition of sodium citrate, sodium salicylate, sodium tartrate, 
sodium nitroprusside, sodium hydroxide and sodium hypochlorite solution for NH4-N, 
and of sodium hydroxide and salicylic acid for NO3-N. The NH4-N and NO3-N were 
detected by use of the Milton Roy Spectronic 3000 Array Spectrophotometer at 
! 
[•• 
;! I^. if 
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absorbance readings of 655 nm and 410 nm, respectively (Anderson and Ingram 
1989). 
3.2.5 Total phosphorus 
0.3 grams of 0.25 mm air-dried soil were digested in mixed acids of 
perchloric acid, nitric acid and sulphuric acid at a ratio of 1:5:0.5. The molybdenum 
blue method was used for the determination of total phosphorus (Allen 1989). 
Absorbance was read at 700nm by use of the Milton Roy Spectronic 3000 Array 
Spectrophotometer. 
3.2.6 Available phosphorus 
j 
Available phosphorus was determined by Truog's method which is 
suitable for acid soils (Allen 1989). As available phosphorus is low in the local soil, 
10 grams 2 mm fresh soil were extracted with 0.001M sulphuric acid buffered at pH 
3. After shaking for 30 minutes, the extract was filtered through Whatman 44 filter 
'i 
paper. The filtrate was then used for the determination of available phosphorus by the 
molybdenum blue method, using stannous chloride as reducing agent (Allen 1989). 





3.2.7 Exchangeable K，Na, Ca and M g j 
� ^ 
5 grams of 2 mm air-dried soil were extracted with 100 ml l M ammonium | 
！ 





shaking for one hour, the extract was filtered through Whatman 44 filter paper. The 
filtrate was then analyzed for K，Na, Ca and Mg by use of the Varian Spectr AA-300 
Atomic Absorption Spectrophotometer. 
！ _ i 
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3.2.8 Exchangeable Al and H 
10 grams of 0.25 mm air-dried soil were extracted with 250 ml l M 
potassium chloride. After shaking for one hour, the extract was filtered through j 
Whatman 44 filter paper. The filtrate was then boiled to expel excess CO2 and then 
titrated with 0.01M sodium hydroxide to determine the total exchangeable acidity, 
using phenolphthalein as indicator GSfanjing Soil Research Institute 1978; Anderson | 
and Ingram 1989). A separate aliquot was likewisely boiled to expel excess CO2. 
After adding an excess amount of 3.5% sodium floride to convert the exchangeable Al 
to A lF / - precipitate, the filtrate was then titrated with 0.01M sodium hydroxide to | 
determine the exchangeable H. Exchangeable Al was the difference between total 
( 
exchangeable acidity and exchangeable H. | 
I I *• 
Effective cation exchange capacity (ECEC) is equivalent to the sum of K, \ 
I 4 I 
Na, Ca, Mg, H and Al (Anderson and Ingram 1989). 1 
I 
Aluminium saturation and base saturation are separate percentages of Al 
and base cations (K+Na+Ca+Mg) of the ECEC (Anderson and Ingram 1989). j 
f 
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3.2.9 Organic carbon 
Organic carbon was determined by the Walkey-Black method. Due to the 
. i 
high organic carbon content of the soil under investigation, 0.3 grams of 0.25 mm air- J 
i 
f 
dried soil were used. Potassium dichromate and concentrated sulphuric acid were used r 
i 
in the oxidation of organic matter (Jackson 1958) before titration with ferrous sulfate ！ 
! 
) 
heptahydrate, using o-Phenanthroline-ferrous complex as indicator. Soil organic 
matter (SOM) content was estimated by multiplying the organic carbon content with a | 
factor o f l . 7 2 4 (Chaney and Swift 1984). 
3.2.10 Carbon : nitrogen ratio 
Carbon : nitrogen ratio was obtained by dividing organic carbon by total ！ 
r 
nitrogen. 
3.3 Statistical analysis | 
Statistical analysis was performed by using the statistical package SPSS | 
'i： i I 
(for Windows). The difference of each parameter between the control and bumt sites | 
I 
is tested by Student's t-test while the seasonal differences of parameters were tested 
I 
by Duncan's Multiple Range Test. The significance level of all the tests is set at | 
i .丨 














3.4.1 Effects of fire on soil chemical properties 
3.4.1.1 Soil acidity 
Soil reaction of the new bumt site remained strongly acidic and was 
significantly lower than the control (Table 3.1). Burning significantly reduced 
exchangeable A1 by 29.8% but increased exchangeable H by 264%. Total acidity 
increased to 13.82 cmol kg"^ after fire, up 40% against the control. 
Table 3.1 Effects of fire on chemical properties of soil in Tai Mo Shan (n=15). 
Parameters Control New Bumt t-test ! 
^ 4.86 ( 0 . 1 0 ) ~ 4 . 4 1 (0.07) ^ ~ | 
Organic Matter (%) 6.73 (1.48) 9.02 (1.28) *** . • 
TKN (%) 0.19 (0.04) 0.33 (0.07) *** ( 
NH4-N (^g g"^) 5.92 (3.65) 17.69 (4.37) *** 丨| 
NO3-N(H<gg]) 2.32 (3.64) 1.97 (0.62) *** 1 
Total phosphorus (%) 0.15 (0.04) 0.02 (0.00) *** | 
Available phosphorus (^g g" )^ trace trace — | 
Exchangeable K (cmol kg"^) 0.18 (0.05) 0.15 (0.04) ** � 
Exchangeable Ca (cmol kg^) 0.15 (0.10) 0.03 (0.01) ** ! 
Exchangeable Na (cmol kg"^) 0.03 (0.01) 0.03 (0.01) NS 
Exchangeable Mg (cmol kg^) 0.05 (0.04) 0.02 (0.01) •** 1  
1 
Base(K+Na+Ca+Mg)(cmolkg-i) 0.41 (0.18) 0.23 (0.05) *** 
Exchangeable A1 (cmol kg'^) 7.55 (2.76) 5.30 (1.90) *** 
Exchangeable H (cmol kg'^) 2.34 (1.98) 8.52 (0.99) *** 
Total Exchangeable Acidity (cmol kg'^) 9.88 (1.45) 13.82 (2.07) *** •“ 
ECEC(cmolkg] ) 10.70 (1.56) 14.06 (2.08) *** 
Base Saturation (%) 3.80 (1.58) 1.69 (0.42) *** , 
C:N Ratio 21.27 (2.93) 16.35 (1.65) *** 
Values in parenthesis represent standard deviation. 
For t-test: NS = not significant; • * p<0.01 ； » * * p<0.001. 
31 
Table 3.2 illustrates the percentage exchangeable Al and H of the total 
exchangeable acidity. In the control site, exchangeable Al (75.1%) predominated over 
exchangeable H (24.9%). However, this trend was reversed in the new burnt site / 
,/ j 
where exchangeable Al was halved and exchangeable H constituted 62.81% of the 
i 
ij 
total exchangeable acidity. j 
•ij 
Table 3 1 Percentage Al and H of total exchangeable acidity (n= 15). *  
I 
Control New Bumt t-test | 
Exchangeable Al (% o f A l + H) 75.10 (22.64) 37.19 (11.15) *** j 
Exchangeable H (% o f A l +H) 24.90 (22.64) 62.81 (11.15) *** | 
For t-test: *** p<0.001. “ ~ " j 
Values in parenthesis represent standard deviation. | 
I 
3.4.1.2 Nutrient Cations 1 
Exchangeable K，Ca and Mg were significantly reduced by 17，80 and 60% | 
after buming (Table 3.1). Exchangeable Na remained unchanged. Therefore, total | 
bases (K+Na+Ca+Mg) in the new bumt soil was significantly reduced by 43.9%, in I 
line with the reduction of soil pH. 
The effects of fire on ECEC, and Al, H and base saturation levels are 
shown in Table 3.3. In general, the soil under investigation was high in Al and H 
saturation but exceedingly low in base saturation. Buming increased ECEC by 31%, 
largely due to a sharp increase of exchangeable H. Because ofthis, the base saturation 
1 
of the bumt soil remained at a low level of 1.69% against 3.80% recorded for the 
control. 
32 
Table 3.3 Effects of fire on ECEC, and Al, H, and base saturation (n=15). 
Control New Bumt t-test 
ECEC (cmol kg-i) 10.70 (1.56) 14.06 (2.08) ^ ~ y ^ 
z 
Al saturation ( % o f E C E C ) 73.30 (21.77) 36.59 (11.05) *** | 
H saturation (% ofECEC) 22.72 (20.65) 61.72 (10.77) *** ！ 
Base saturation (% ofECEC) 3.80 (1.58) 1.69 (0.42) *** 
For t-test: ***p<0.001. ! 
Values in parenthesis represent standard deviation. 
〜 ii 
3.4.1.3 Total Kjeldahl nitrogen and mineral N | 
Average TKN of the new bumt soil was 0.33%, which was significantly ^ 
higher than the control (Table 3.1). Buming also caused a 3-fold increase of NH4-N | 
but reduced NO3-N by 15%. 
1:, 
3.4.1.4 Soil organic matter and C:N ratio i 
The organic matter of the new bumt soil was 9.02% which was | 
significantly higher than the control (6.73%). However, buming lowered the C:N ratio | 
k 
of theso i l (Table3.1). 丨 
‘ ； s 
3.4.1.5 Total and available phosphorus | 
Only 0.02% of total P was found in the new bumt soil, which was one-
seventh of the amount recorded for the control (Table 3.1). However, only trace 
amount of available P was detected in both soils. 
I 
f 





3.4.2 Seasonal changes of soil chemical properties after fire 
3.4.2.1 Soil pH and exchangeable acidity 
Profound seasonal changes in exchangeable acidity were observed in the 
bumt soil (Table 3.4). Exchangeable Al was lowest immediately after fire in February \ 
(5.30 cmol kg-i). It increased drastically and significantly to 11.75 cmol kg_! in May 
but decreased thereafter. 
I 
Exchangeable H decreased steadily with time after burning, from 8.52 
cmol kg-i in February to 2.04 cmol kg'^ in May, 1.58 cmol kg"^ in August and 1.38 
cmol kg-i in November. Both exchangeable Al and H tended to stabilize from August j 
onwards. ' 
Total exchangeable acidity also decreased with time after fire, being 
significantly higher in February and May than in August and November. 1 
I j 
Al and H constituted different percentages of the total exchangeable , 
i 
. i 
acidity. The seasonal variations pertaining to their respective dominance are shown in 
•I 
Table 3.4. H dominated the total exchangeable acidity in February only (62.81%). 
This trend was reversed in May, August and November when Al constituted over 80% 












Table 3.4 Seasonal changes of soil pH, exchangeable Al, H, total exchangeable 
acidity (Al + H) (cmol kg])’ and Al and H percentages of total 
exchangeable acidity after fire (n=15). 丨 
[ 
“ Al H 丨 
Month pH Al H Al + H ( % o f A l + H) ( % o f A l + H) | 
February 4 ^ 4 ? s W 0 ? u W m ? 6 2 . 8 ” 
(0.07) (1.90) (0.99) (2.07) (11.15) (11.15) 
! 
May 4.58b 11.75^ 2.04^ 13.79' 84.92^ 15.08^ 
(0.14) (2.29) (0.68) (2.33) (15.77) (5.77) . 
August 4.39a 9.97c 1.58' 11.55' 86.25� 13.75� I 
(0.07) (1.14) (0.21) (1.19) (1.91) (1.91) | 
November 4 .42 ' 9.82' 1.38� 11.21^ 87.64' 12.36� I 
(0.12) (0.63) (0.08) (1.72) (0.58) (0.58) | 
For each column, values sharing the same letter are not significantly different at the p<0.05 level by | 
Duncan's Multiple Range Test. i 
Values in parenthesis represent standard deviation. j 
j 
3.4.2.2 Nutrient Cations | 
Pronounced seasonal variations were found for exchangeable K，Na, Ca « 
I 
and Mg after burning (Table 3.5). Overall, the concentration levels of these cations • 
I 
were extremely low. With few exceptions, they tended to decrease in one or all o f t h e | 
I 
summer months. On the other hand, there was a tendency for exchangeable K, Ca and 1 
1 
Mg to increase again in November. A similar pattem was observed for the total 
amount of bases, which was lowest in the summer month of August. 
The seasonal changes of ECEC, Al saturation, H saturation and base 
saturation after burning are also shown in Table 3.5. ECEC and H saturation largely 
decreased with seasons after fire while the reverse was true for Al. In other words, the | 
I 






increase in exchangeable H on the soil colloids after fire was short-lived. From May | 
. i 
onwards, the exchange sites were dominated by exchangeable Al. Because of this, the ' 
base saturation of this acid soil was in the range of 0.90-1.69% which was extremely 
low. Anyway the base saturation tended to decrease further in May and August but 丨 
started to increase again in November. 
Table 3.5 Seasonal changes of exchangeable K, Na, Ca, Mg, ECEC (cmol kg’， f 
Al saturation, H saturation and base saturation (%) after fire (n=15). 
Al H Base 
Month K Na Ca Mg ECEC") Sat. Sat Sat 1 
February o 1 ^ “ 0 0 ? “ 0 ^ ” 0 ^ ~ " u W ” 3 6 ^ 5 ? ~ 6 L 7 2 ^ ~ T W ^ | 
(0.04) (0.01) (0.01) (0.01) (2.08) (11.05) (10.77) (0.42) j 
May O.i5a 0.02^ 0.04^ 0.02^ 14.01^ 83.52^ 14.83^ 1.64'^ ！ 
(0.03) (0.01) (0.01) (0.00) (0.60) (5.72) (5.66) (0.35) ( 
August 0.08b 0.02b o.oib o.oib 11.65b 85.47b i3.63b 0.90' i 
(0.01) (0.01) (0.01) (0.00) (1.19) (1.88) (1.89) (0.17) j 
November 0.11' 0.02^ 0.02' 0.02^ 11.37^ 86.38^ 12.19^ 1.43^ I 
(0.02) (0.01) (0.01) (0.01) (0.68) (0.56) (0.58) (0.33) | 
i 
^ECEC is equivalent to the sum of exchangeable K, Na, Ca, Mg, Al and H (Anderson and Ingram 
1989). I 
For each column, values sharing the same letter are not significantly different at the p<0.05 level by | 
Duncan's Multiple Range Test. | 
Values in parenthesis represent standard deviation. | 
3.4.2.3 Total Kjeldahl nitrogen and mineral N 
Total Kjeldahl nitrogen of the soil increased after burning and peaked in 
May (0.39%) and August (0.38%) before declining again in November (0.31%). A 
more conspicuous seasonal pattem was observed for NH4-N than for NO3-N. NH4-N 
production increased rapidly and significantly in May (42.85 |ig g'^) but decreased 







that of February. Average NO3-N of the bumt soil was much lower than NH4-N. 
While peak production was observed for August (0.33 ^g g'^), it was not detected in 
May and November. 
i 
Mineral nitrogen O^H4-N plus NO3-N) constituted a negligible proportion 
o f t h e total nitrogen pool (Table 3.6). Overall, it was significantly higher in May and 
August than rest of the months, in line with peak production 0fNH4-N in summer. 
3.4.2.4 Soil organic matter 
I 
The SOM fluctuated with seasons, largely in line with TKN and NH4-N. It 
increased from 9.02% in February to 10.37% in May but declined for rest of the j 
^ 
months (Table 3.6). The C:N ratio was significantly lower in August than any other 
months. } 
Table 3.6 Seasonal changes of SOM, TKN, C:N ratio, NH4-N, NO3-N and | 
mineral N after fire (n=l 5). | 
J 
SOM TKN C:N NH4-N NO3-N mineral N i. 
Month (%) (%) ratio (^ig g') (\ig g') ( % o f T K N ) I 
February ^ 0 3 ? 1 ^ VlW TW 0 ^ ~ I 
(1.28) (0.07) (1.65) (4.37) (0.62) (0.17) ! 
‘ ! 
May 10.37b 039b 1565a 42.85b 0.00b 1.11^ 1 
(1.14) (0.05) (0.83) (14.41) (0.00) (0.34) j 
August 7.83' 0.38b 12.O6^ 29 .0” 0.33' 0.78^ 
(0.39) (0.03) (0.33) (7.90) (0.17) (0.23) ! 
November 8.25' 0.31' 15.38' 21.47' 0.00^ 0.68" 
(0.38) (0.03) (0.35) (6.83) (0.00) (0.22) 
'H 
For each column, values sharing the same letter are not significantly different at the p<0.05 level by 
Duncan's Multiple Range Test. 





3:4.2.5 Total and available phosphorus 
The soil was deficient in total phosphorus, ranging 0.02-0.03% (Table 3.7). 
No conspicuous pattem of seasonal variation was observed. Furthermore, only trace 
amount of available P was detected in different seasons of the year. 
Table 3.7 Seasonal changes of total and available phosphorus (%) after fire 
(n=15). 
I 
Month Total P (%) Available P (%) 
February 0 0 2 ^ “ ( 0 . 0 0 ) t ^ 
May O.O3b (0.01) trace ； 
August 0.02' (0.00) trace | 
November 0.03^ (0.00) trace ‘ 
.1 
For each column, values sharing the same letter are not significantly different at the p<0.05 level by '' 
Duncan's Multiple Range Test. « 




3.5 Discussion ,' 
I 
3.5.1 Effects of fire on soil chemical properties * 
3.5.1.1 Immediate effects of fire on soil acidity 
Most fire studies report an increase in pH immediately after buming 
(Smith 1970; Raison 1979) and attribute this to the release of oxides and carbonates 
from the bumt organic substances (Viro 1974)，and to their subsequent leaching into 
the mineral soil. However, this was not the case in the present study as reaction pH of 
the bumt soil was significantly lower than the control (Table 3.1). What are the 
implications of this finding? 
38 
n, 
The magnitude of pH increase depends on the intensity of bum. It is a rule 
of thumb that the severer the intensity, the more oxides and carbonates are contained 
in the ash (Raison 1979). Furthermore, organic acids are more easily decomposed 
under high heat conditions (Chandler et al 1991). The present study adopts a 
retrospective approach which does not permit the monitoring of the temperature of 
bum. From the dominance of blackened ash and presence of semi-combusted 
. . "S 
materials in the field, however, there is every indication that it was a low intensity 
1 
bum. Indeed, the maximum temperature recorded at 3 cm depth during a prescribed | 
grassland bum in Hong Kong was merely 40°C (Chau 1994). We therefore conclude I 
如 




Furthermore, dissolution of the metal oxides and their leaching down the | 
soil is limited in the dry month of February. This is supported by the additional | 
I 
findings that exchangeable K, Na, Ca and Mg were also lower in the bumt soil than ^ 
the control. 
The effect of fire on soil exchangeable acidity is rarely studied in the 
literature. This is, however, an essential component of the study as tropical soils are 
mostly dominated by exchangeable Al that can sustain low pH through hydrolysis 
(Ross 1989). How are the exchangeable Al and H affected by a low intensity bum? 
Contrary to the general belief that H ions are subject to consumption during 
combustion (Binkley and Christensen 1992), the bumt soil recorded 8.52 cmol kg'^ 




certain about the &ource of these H ions. As the soil under investigation is rich in 
organic matter, there exists a possibility that the low intensity bum could have 
accelerated the release of H ions. This warrants further research. 
There was a significant reduction in exchangeable Al after buming, even 
though the fire intensity was not severe. This agrees reasonably well with findings by 
Humphreys and Craig (1981). The enhanced H ions could have outcompeted the Al | 




3.5.1.2 Immediate effects of fire on organic matter, N and P | 
The grassland soil is rich in organic matter when compared with ordinary | 
i 
forest and farm soils in Hong Kong (Grant 1960). Frequent buming reduces the ； 
• \ 
landscape to grassland, which is a prolific producer of organic matter. The low j 
intensity fire suffices to char or combust the aerial parts of the vegetation, leaving ‘ 
. . I 
large quantities of organic residues in the soil. At the same time, roots will become _ 
^ 
|i. 
SOM when the above-ground parts are killed. Because of this, fire raised the organic I 
B. f 
matter content to 9. 02%. 
,1 
The soil TKN was also elevated to 0.33% by fire, being consistent with 
organic matter increase (see Table 3.1). It is，however, premature to conclude that 
there was no loss of nitrogen from the ecosystem because N volatilization during a 











. . . . • 、 . ！ . , 




Buming also resulted in a 3-fold increase of soil NH4-N, possibly due to 
the pyrolysis oforganic materials (Christensen 1973; DeBano et al 1979; Mroz et al 
1980) and enhanced microbial activities caused by more favourable temperature 
(Wells et al 1979). In contrast, buming reduced soil NO3-N level. As argued by 
Vance and Henderson (1984), NO3-N never increased directly as a result of fire. 
Instead, it depends more on the supply of NH4-N substrate (Covington and Sackett 
1992) and soil pH (Bauhus et al 1993). \ 
I 
I 
Frequent fires of low intensity tend to sustain high organic matter and I 
I 
TKN content o f t h e soil. However, mineral nitrogen constituted less than 1% o f t h e | 
total nitrogen pool. Therefore, the high TKN cannot be constituted as beneficial to the | 
i 
disturbed site because decomposition of the herbaceous litter is usually slow (Lewis 
i 
1986). While NH4-N is beneficial to growth of the regenerated species, it is highly | 
susceptible to leaching loss. Is NH4-N increase short-lived in the soil? How easily is 





The response of P to buming is very much complicated by strong acidity � 
. I 
of the soil. The low intensity bum reduced total P drastically but caused no changes in | 
；；!-
.\ ：!；; 
available P. As total P and available P are low in the study area, a long time is it 
K i 
•'r 




3.5.1.3 Immediate effects of fire on cation nutrients 
;iiii., 
A flush of cation nutrients was frequently reported in fire studies (Raison | 




however, there were no increases of K, Na, Ca and Mg when compared with the 
control. This is caused by incomplete combustion of the plant materials during the 
low intensity bum (Marion et al. 1991). Although buming raised ECEC of the soil by 
i 
31%, it was largely brought about by a disproportionate increase of exchangeable H. ^ 
Indeed, a reduction in base saturation of the bumt soil further supported that low | 
f 
intensity bum had no direct effects on the cation nutrients. | 
( 
) 
Nutrients locked up in the semi-combusted plant residues will not be | 
available unless decomposed by microorganisms. This is essential in the study of I 
I 
nutrient budget after repeated low intensity bums. Of course, the semi-combusted j 
materials can also be washed away by surface runoff during the rainy season. ( 
I 
Anyway, the fate of the charred materials warrants further investigation. 
I 
3.5.2 Seasonal changes of soil chemical properties after fire I 
!• 
3.5.2.1 Seasonal changes of soil acidity after fire |. 
t 
Profound seasonal changes in soil pH and exchangeable acidity were | 
f[8? 
I 
detected in the bumt site. The pH of the soil increased significantly in May, three | 
:i 
months after the passage of fire. Because 172.5 mm rainfall had been recorded prior to 1 
sampling in May, the residue effect of ash was able to raise the pH by 0.17 units. 
Furthermore, the pH increase was sustained by a corresponding decrease of 
I 
exchangeable H ions in the same month. This clearly shows that the low intensity 
'l4 • 
bum had a delayed effect on soil pH and that this positive effect was short-lived 
i 







Fire reduced exchangeable Al but increased exchangeable H ions of the | 
I' 
soil (see Table 3.1). This effect did not last very long because in May, Al doubled and 
H decreased by 4-fold on the exchange sites. They tended to decrease and stabilize in 
August and November, a trend similar to the pre-bum conditions. While Al 
l| 
predominated H ions on the exchange sites of the soil (see Table 3.4), a low intensity : 
I 
i 
bum could cause a temporary disruption of the balance, resulting in dominance of I 
;il 
exchangeable H in February. Nonetheless, the onset of a rainstorm is sufficient to ^ 
I 
revoke the changes. | 
I 
作 
3.5.2.2 Seasonal changes of nutrients after fire | 
The bumt soil is rich in organic matter, TKN but relatively poor in mineral | 
I 
N and P contents. While SOM increased immediately after fire, it continued to rise in 
. i 
May as a result of the breakdown of the semi-combusted plant residues into finer | 
fractions. Rapid decomposition and surface erosion lowered SOM in August and ’ 
：| 
November. The TKN content of soil followed a more or less similar pattem and was i 
：, y • • I 
consistently higher in the summer months than in February and November. It is | 
. . I: 
therefore safe to assume that frequent but low intensity bum can sustain a high SOM f 
and TKN content all the year round. | 
ij 
i, • i 
i 
NH4-N is released by pyrolysis during buming, the peak production of 
i 
which is maintained in the summer months due to the combined effect of ash and 1 
1 
improved pH. Again, this positive effect disappeared in November. The soil contained | 
f I 
a negligible amount ofNO3-N, without any discernible seasonal pattem. Although the | 
soil is rich in TKN content, mineral nitrogen constitutes less than 1% of the total 1 
I s • + M i i 43 
i-. . ^ 
I' 
nitrogen against 5% reported for the average soils (Tisdale et al 1993). Why is 
mineralization of N so slow in the bumt soil? How will it affect the growth of 
regenerated species? These will be investigated in the following chapters. 
• ji 
I 
• i . 
The soil in the study area is also deficient in exchangeable K, Na, Ca and j 
Ii 
Mg, being consistent with the average hill soils of Hong Kong. The concentrations 
,i( 
were lower in summer than in winter because of difference in leaching potentials. The ^ 
I 
base saturation o f t h e soil ranged 0.90-1.69% only (see Table 3.5). It appears therefore | 
the vegetation adapts very well to the low nutrient conditions. 1 
i 
3.5.3 Overall fertility of the fire-affected soil | 
. I 
One wav to ascertain the hazardous effect of fire on the ecosystem is to 
• I 
evaluate the fertility level of the soil. As no two ecosystems are the same, several |, 
assumptions must be made in this regard. First, the nutrient requirement and growth | 
conditions of different plant species are largely the same. Second, the site under ] 
r 
consideration has been subject to long period of influence by fire. | 
f |. 
:,r , f 
The soil under investigation contains adequate amounts of organic matter j 
I 
II :•y 
and TKN (Table 3.8). However, the soil is deficient in available P, exchangeable K， � 
Ca, and Mg. It is strongly acidic, contains high level of Al but extremely low in base I 
p 
saturation. Will the repeated occurrence of low intensity fire impose further | 
1 
constraints on the soil? How will fire affect floristic composition of the area in the | 
it' 
1 
long run? This will be investigated in Chapter 6. f 
k 














































































































































































































































































































































































































































































































































































































































































































































































From findings of the present experiment, several conclusions can be 
summarized: 
1. The low intensity fire did not raise the pH of the soil immediately. It 
suppressed exchangeable Al but increased exchangeable H of the soil. Overall, total 
exchangeable acidity was raised by 40%. 
( 
I 
2. Fire increased organic matter, TKN, NH4-N contents of the soil. However, 
NO3-N and total P were reduced by buming. � 
i 
V ii 
3. The low intensity fire reduced exchangeable K，C a and Mg, and base 1 
1 彳‘丨 
saturation of the soil. However, ECEC increased from 10.70 to 14.06 cmol kg due to 
w 




4. The soil chemical properties fluctuated with seasons after buming. Soil pH „1 
and exchangeable Al increased drastically in May but declined thereafter. 
Exchangeable H decreased steadily with seasons, so was the total exchangeable 
acidity. 
Soil organic matter, TKN and NH4-N increased further in May and August 
but declined thereafter. Mineral N constituted less than 1% of the total nitrogen 
throughout the study. The seasonal variations of NO3-N and total P were 
inconspicuous. 
46 
Exchangeable K，Na, Ca and Mg largely decreased in the summer months 
but increased again in November. 
5. The frequent occurrence of low intensity bum appeared hazardous to the 
ecosystem. The soil is strongly acidic, high in A1 saturation but extremely low in base 
saturation. It is deficient in K，Ca and Mg, available P and NO3-N. Although fire 
maintains high levels of soil organic matter and TKN, it is relatively poor in mineral | 
nitrogen. | 












NITROGEN MINERALIZATION AFTER FIRE 
4.1 Introduction 
Post-fire nitrogen mineralization, including ammonification and 
nitrification, is an important research topic pertinent to vegetation regeneration and 
ecosystem productivity (Bauhus et al 1993). Ammonification refers to the release of 
ammonium nitrogen from organic compound while nitrification is the oxidation of 
ammonia to nitrite by Nitrosomonas and nitrite to nitrate by Nitrobacter (Harris 
1988). Soil acidity, aeration, temperature and moisture content are crucial to 
mineralization (Alexander 1977; Harris 1988; Bauhus et al 1993) while nitrification 
is also governed by the presence of nitrifiers (Alexander 1977; Ellis et al 1982) and 
ammonium substrate (Bauhus et al 1993). 
Fire acts as a mineralizing agent by causing the rapid transformation of 
organic nitrogen to inorganic forms (Christensen 1973; Dunn et al 1979). Elevated 
soil temperatures resulted from the removal of vegetation after fire enhanced 
microbial activity (Christensen and Muller 1975; Raison and McGarity 1980)，and 
hence nitrogen transformation. Hobbs and Schimel (1984) reported an increase o f N 
mineralization rate one year after fire in both mountain shrub and grassland 
communities, and such increase persisted for one and two years in the respective 
ecosystems. 
48 
Ammonification predominated over nitrification in the bumt soil of the 
pine (Schoch and Binkley 1986)，dry sclerophyll (Theodorou and Bowen 1982) and 
Pinus pinaster forests (Prieto-Femandez et al 1993). In the in situ soil incubation 
study ofMatson et al (1987)，N mineralization was elevated shortly after buming and 
almost all the mineralized N was oxidized to nitrate. In contrast, Bell and Binkley 
(1989) reported an increase o f N immobilization and decrease o f N availability for a 
nitrogen-deficient soil during a 10-day laboratory incubation study. For studies 
conducted under laboratory conditions, the role of vegetation was ignored. What will 
be the in situ mineralization of a new bumt soil in a subtropical environment like 
Hong Kong? Vegetation regenerated rapidly by vegetative means in the local scene 
(Thrower and Thrower 1986). Will plant uptake influence N mineralization as 
vegetation may absorb the NH4-N before it can be nitrified? 
Frequent fires decreased mineralization as a result of reductions in pools of 
readily decomposable C and N and resultant decreases in microbial biomass 
(Biederbeck et al 1980)，and the depleted nutrient-supplying capacity o f the soil (Bell 
and Binkley 1989; Raison et al 1990). Hossain et al (1995) reported an annual net N 
mineralization rate of 7.2 kg N ha'^ for a frequently bumt site (3-year frequency) and 
10.7 kg N ha'' for a regularly bumt site (7-year frequency), representing 45 and 67% 
of the unbumt site. This clearly shows N mineralization decreases with the frequency 
of fire. As the study area is frequently bumt (1-3 year frequency), how will 
mineralization be affected by high organic carbon content of the soil (see Chapter 3)? 
49 
Fire intensity also exerts great influence on N mineralization (Bauhus et al 
1993). The accelerated N mineralization was caused by the flush 0fNH4-N substrate 
(Prieto-Femandez et al 1993; Blank, Abraham and Young 1994)，more favourable 
soil pH (Fowells and Stephenson 1933; Theodorou and Bowen 1982) and warmer soil 
temperature that activated soil microbial activity (Lloyd 1971; Raison et al 1986). It 
appeared therefore the severer the fire, the higher the N mineralization (Bauhus et al 
1993). The study area is characterized by low intensity bum, as indicated by the 
presence of blackened ash and partially combusted plant materials. Moreover, the pH 
and metal oxides had not increased significantly against the control (see Chapter 3). 
Will mineralization of the soil be adversely affected by low pH and nutrient 
deficiency of the soil? 
Fire is not the sole agent controlling N mineralization. Post et al (1985) 
found that climatic condition was also pertinent to N transformation in tropical soils. ： 
I 
Myers (1975) reported that the optimum temperature was 3 5 � C for N mineralization , 
and up to 50°C for nitrification. Nitrification was found to proceed at 0°C in a 
laboratory study (Eggleton 1935). Soil moisture content is undoubtedly as important 
as temperature in affecting N mineralization (Alexander 1977; Haynes 1986). Malhi 
and McGill (1982) obtained the highest rate of nitrification when the soil was 
incubated at field capacity (-33 kPa). Similarly, a higher soil respiration rate was 
recorded for a grassland under wetter soil conditions (Grahammer et al 1991). With a 
subtropical environment, Hong Kong experiences a hot humid summer and a cool dry 
winter. Are there any seasonal variations in N mineralization after fire? Will N 
mineralization be enhanced by the heavy rainfall in summer and inhibited in autumn 
50 
and winter? As leaching is dominant in the wet season (Chang et al. 1989), will there 
be any substantial loss of NH4-N and NO3-N from the steep slopes? Is it a rule of 
thumb that NO3-N is more readily leached than NH4-N even though nitrification is 
suppressed by environmental factors? Of course, sufficient rainfall in tropical areas 
not only favours N mineralization, it also fosters the growth of vegetation. Are the 
regenerated species strong competitors of soil microorganisms for mineral N and if so, 
do they have any preference in the uptake of NH4-N and NO3-N? Will there be any 
seasonal variations in plant uptake? This information not only explains the pattem of 
vegetation regeneration after fire but also gives clue to reforestation of the disturbed 
site. 
Recognizing the above gaps of information, in situ N mineralization and 
its seasonal variations were measured in the new bumt site for a period of 12 months. 
Findings from this experiment will answer the following questions: 
1. Do ammonification and nitrification occur in the new bumt soil and if so, 
which process is more dominant? 
2. Are there any seasonal variations in NH4-N and NO3-N concentrations of the 
bumt soil? 
3. What is the leaching pattem of the new bumt soil? 
4. What is the uptake pattem o f N by plants in the disturbed site? 
5. What is the net ammonification and nitrification pattem of the new bumt 
soil? 
6. What is the net N mineralization pattem of the new bumt soil? 
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4.2 Methodology 
4.2.1 In situ incubation 
Measurement o f N processes from the 0-10 cm soil layer was conducted 
using the in situ sequential coring method of Raison et al (1987). The method 
evaluates changes in pools of inorganic nitrogen in the soils incubated as undisturbed 
cores in the field (Debosz and Vinther 1989). Sampling was conducted separately in 
I 
February (1 week after fire), May, June, July, August and November, 1995. Four j 
summer months (May to August) were included in the study in order to ascertain 
I 
better the effects of rainfall on N mineralization. Fifteen sampling points from the ^ 
bumt site were selected by systematic random sampling. 
• 1 
The soil samples were collected at the start (Time 0) of each incubation | 
period (T1). At the same time aluminium tubes, 5 cm in diameter and 15 cm in length, » 
1 
were inserted into the soil (Figure 4.1). Both open (o) and covered (c) tubes were 
|( I 
I 
included and each was replicated 15 times. The tubes were left for in situ incubation i 
for 2 weeks in February, May, June, July, August and November, 1995 unless 
otherwise indicated. Table 4.1 showed the sampling dates, duration and the mean 
daily rainfall of each incubation period. Due to unstable weather conditions, the 
incubation period was prolonged to 21, 36 and 21 days in June, July and August, 
respectively. At the end of each incubation period (Time 1)，new soil samples (T2) 
were collected, as well as soil that had been incubated in the open (o2) and covered 
(c2) tubes. All collected samples were returned to the laboratory and kept in the 
refrigerator at 5°C after passing 2 mm sieve. Each sample was then extracted for the 
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colorimetric determination of NH4-N and NO3-N, in accordance with procedures 
described in Chapter 3. 
Figure 4.1 Principle of the in situ incubation technique (Debosz and Vinther 
1989). 
TIME 0 - START OF INCUBATION TIME 1 - END OF INCUBATION 
T ^ ^ i e ^ t T i _ ^ Z ^ Tmmi :wD ； • * 
T1 OPEN COVERED T2 
CORE CORE ] 
i 
( 1 
Table 4.1 Details of the in situ incubation study. j 
— j — < 
Incubation period Duration (days) Rainfall (mm day ) ， 
Feb. l l - F e b . 25 M 0^46 
< 
May l l - M a y 2 5 14 0.35 , 
June 20 - July 10 21 7.00 
July 10 - Aug. 16 36 33.31 
Aug. 16 - Sept. 6 21 11.90 
Nov. 16-Nov. 30 14 0.18 
4.2.2 Determination ofN mineralization, leaching and uptake 
Net N mineralization was calculated as the sum of changes in NH4-N (net 
ammonification) and NO3-N (net nitrification) for each of the incubation period. All 
values represented means of 15 sampling points from the study area and were 
expressed as p,g g"^  d a y ' � T h e formulae for the cedculation of N changes were 
summarized below: 
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• Net N Mineralization 
ANH4-N = net ammonification during incubation 
= NH4-N(c2) - NH4-N(Tl) 
ANO3-N = net nitrification during incubation 
= NO3-N(c2)-NO3-N(Tl) 
Njnin = net mineralization during incubation 
二 ANHrN + ANO3-N 
where: NH4-N(T1) and NO3-N(ji) are the NH4-N and NO3-N content of bulk soil at the start (Time ‘ 
0) ofthe incubation period. NH4-N(c2) and NO3-N(c2) are the NH4-N and NO3-N content of I 
the covered (c2) soil at the end (Time 1) of the incubation period. | 
i 
( 
- • Leaching o f N 
NH4-N|each 二 leaching of ammonium during incubation 
= NH4-N(c2)-NH4-N(02) I 
NO3-Nieach = leaching of nitrate during incubation | 
= NO3-N(c2) - NO3-N(02) • 
Nleach = leaching of mineral nitrogen during incubation ’ 
= NH4-N,each + NO3.N,each ' 
i 
where: NH4-N(c2) and NO3-N(c2) are the NH4-N and NO3-N content of the covered (c2) soil at the 
end (Time 1) ofthe incubation period. NH4-N(02) and NO3-N(02) are the NH4-N and NO3-N 
content ofthe open (o2) soil at the end (Time 1) of the incubation period. 
• Uptake o f N by vegetation 
Nup = O^min) - (Asoil mineral N pool) - (losses) 
二 D^(c2) _ N(T1)] - P^(T2) - N(T1)] _ (losses) 
二 N(c2) - N(X2) - (losses) 
where: N(c2) is the mineral N content of the covered (c2) cores at the end of the incubation period 
(Time 1)，and N(Ti) and N(j2) are the mineral N content of bulk soil at the beginning 
(Time 0) and end (Time 1)，respectively, of the incubation period. Losses are the changes in 
soil mineral N content resulting from either leaching or denitrification. Denitrification is 
assumed to be zero unless independent measurements indicate otherwise, and leaching is 
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also zero in covered (c) cores but maximal in open (o) cores. As leaching = N(c2) - N(o2)， 
Nup can be simplified from the above: 
Nup = N(c2) - N(T2) - (losses) 
= N(c2) - N(T2) - P^(c2) _ N(o2)l 
= N(o2)-N(T2) 




NH4-Nup = uptake 0fNH4-N during incubation | 
= NH4-N(02) - NH4-N(T2) I 
‘ 
� 
NO3-Nup = uptake ofNO3-N during incubation j 
= NO3-N(02) - NO3-N(T2) i 
I 
1 
Nup = uptake of mineral nitrogen during incubation ( 
= NH4-Nup + NCVNup : 
I 
where: NH4-N(02) and NO3-N(02) are the NH4-N and NO3-N content of the open (o2) soil at the end 
(Time 1) of the incubation period. NH4-N(T2) and NO3-N(T2) are the NH4-N and NO3-N ' 
content ofbulk soil at the end (Time 1) of the incubation period. 1 
4.3 Statistical analysis 
Statistical analysis was performed using the statistical package SPSS (for 
Windows). The seasonal variations were tested by Duncan's Multiple Range Test at 
the confidence level of p<0.05. 
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4.4 Results 
4.4.1 Seasonal variations of NH4-N and NO3-N 
Table 4.2 shows the temporal changes of NH4-N and NO3-N after fire. 
Ammonification occurred throughout the incubation period while nitrification was not 
detected during incubation in May and November. 
NH4-N production (17.69 |ig g'^) was lowest immediately after fire, being 
comparable to that of November (21.47 )ig g]) . It increased drastically and 
I 
( 
significantly in May and June but declined throughout July and August. In general, 丨 
NO3-N levels were much lower than NH4-N throughout the study period. Unlike NH4-
N, the highest amount ofNO3-N (1.97 ^ig g'^) was found immediately after fire, which j 
was significantly higher than any other months. There was no discernible pattem in ] 
I 
the seasonal variation ofNO3-N, which was not detected in May and November. • 
I 
I 
Table 4.2 Temporal changes 0fNH4-N and NO3-N (^ig g' ' ) after fire (n=l 5). i 
Month “ NH4-N NO3-N 
February 17.69^ (4.37) 1.97' (0.62) 
May 42.85b (14.41) 0.00^ (0.00) 
June 43.87b (10.71) 1.05' (0.46) 
July 26.78' (6.16) 1.61^ (0.60) 
August 29.01' (7.90) 0.33' (0.17) 
November 21.47'' (6.83) 0.00^ (0.00) 
For each column, values sharing the same letter are not significantly different at the p<0.05 level by 
Duncan's Multiple Range Test. 
Values in parenthesis represent standard deviation. 
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4.4.2 Net ammonification, leaching and uptake 
Net ammonification was only observed in July (0.56 jig g^ day'^) while 
immobilization dominated the rest of the incubation periods in February, May, June, 
August and November (Table 4.3). Peak immobilization occurred in August (-0.57 |ig 
g-i day-i)，which was about double that of the other months. 
A negligible amount 0fNH4-N (0.03 ^ig g" day]) was leached from the ‘ 
i 
soil in May (Table 4.3). No leaching was found during other incubation periods, 
I 
including the summer months when rainfall intensity was high. ^ 
Uptake 0fNH4-N by plants increased progressively with time and peaked 1 
1 
in July (Table 4.3). No uptake was observed in August while November yielded a j 
small uptake of 0.07 ^ig g ] day'^. , 
Table 4.3 Temporal changes of net ammonification, NH4-N leaching and NH4-N 
uptake (fig g-i day-i) after fire (n=15). ( 
Month Ammonification* Leaching Uptake 
February -0.21 0 0 
May -0.26 0.03 0.25 
June -0.22 0 0.72 
July 0.56 0 0.82 
August -0.57 0 0 
November -0.32 0 0.07 
*Negative values denote immobilization. 
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» 
4.4.3 Net nitrification, leaching and uptake 
Immediately after burning, net nitrification rate was equivalent to 0.07 \xg 
g-i day-i (Table 4.4). The highest nitrification rate coincided with June (0.21 ^ig g ] 
day-i) when the highest NH4-N level was also recorded (Table 4.2). For rest of the 
months, nitrification was either negligible or not detectable, as in May and November. 
NO3-N was not as easily immobilized as NH4-N. 
* 
� 
A small amount of nitrate (0.03 ^g g“ d a / ) was leached immediately j 
after fire (Table 4.4). However, no leaching was recorded during the other incubation I 
I 
periods, largely in line with NH4-N (Table 4.3). | 
1 
I 
Uptake of nitrate was recorded immediately after fire, albeit the amount j 
was negligible (Table 4.4). From June to August, the rate of uptake increased steadily 




Table 4.4 Temporal changes of net nitrification, NO3-N leaching and NO3-N 
uptake (|ig g-i day-i) after fire (n=15). 
Month Nitrification Leaching Uptake 
February 0 ^ 0 ^ ^ 
May 0 0 0 
June 0.21 0 0.23 
July 0.01 0 0.27 
August 0.06 0 0.29 




4.5.1 Post-fire ammonification 
Ammonification is an important microbial process which supplies the 
substrates for nitrification as well as readily available nitrogen for plant assimilation 
(Harris 1988). Despite this significance, there were fewer studies on ammonification 
than on nitrification (Tables 4.5 and 4.6). However, the results of the present study 
、 
clearly show that NH4-N production predominates over NO3-N at all times. | 
Furthermore, many plants prefer the absorption 0fNH4-N to NO3-N (Haynes 1986). It | 
. � is therefore worthwhile to follow ammonification after burning. 
I 
Soil NH^-N concentrations varied with seasons, being higher in May and , 
4 I 
June than any other months (Table 4.2). Once the NH4-N is converted from organic I 
nitrogenous compounds by microorganisms in the soil, it is subjected to (a) adsorption 
by soil colloids, (b) immobilization by decomposer organisms, (c) plant uptake, and 
(d) leaching by water (Haynes 1986). The seasonal variation of soil NH4-N is a result , 
of the combined influence of these processes, and should not be treated as equal to 
gross NH4-N production. 
fr 丨丨' 
i i 
One important finding of the present experiment is the overwhelming 
importance 0fNH4-N immobilization throughout the incubation periods, except July 
(see Table 4.3). Immobilization occurred one week after fire in February (0.21 ^ig g'^ 
day-i) in contrast to a net ammonification (14 ^ig g"^  day"^) recorded for a loblolly pine 















































































































































































































































































































































































caused by a difference in fuel load (grass versus pine) and different time lag for soil 
sampling after fire (1 week versus 1 day), the dominance 0fNH4-N immobilization in 
the bumt soil cannot be ignored. How did NH4-N immobilization happen? 
Immobilization of NH4-N can occur when growth of the ammonifiers are 
adversely affected by environmental factors (Haynes 1986). However, this is unlikely 
to occur in a bumt site where the modified soil environment is favourable to 
multiplication ofmicroorganisms including the ammonifiers. Bell and Binkley (1989) 
found that 95% of the added ^^ N was immobilized within 10 days for a bumt soil, and 
estimated that the gross mineralization might be 20 times the measured rates of net 
I 
mineralization. It is therefore probable that immobilization proceeds at a faster rate 
I 
than ammonification in the study area. 
What factors are conducive to the rapid immobilization 0fNH4-N? Intense 
competition between plants and microorganisms is unlikely to happen because the ^ 
C:N ratio o f the new bumt soil is only 16.35 (see Table 3.1). Thus, there is no simple 
answer to this question. A large proportion of the mineral N released by fungal 
enzymes was almost immediately immobilized by the fungi themselves as less energy 
was required for its assimilation than NO3-N (Haynes 1986). Rapid immobilization in 
the present study could also be caused by high organic matter content (9.02%) of the 
soil. As anhydrous ammonia can react with soil organic matter to form compounds 
that resist decomposition, the ammonia is thus chemically fixed or bound by the 
organic matter (Brady 1990). Of course the residual charcoal from a low intensity 
bum might also immobilize NH4-N, as speculated by Bell and Binkley (1989). 
I 
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Net ammonification was only recorded during incubation in July, 
averaging 0.56 ^ig g"^  day"^ (Table 4.3). Given the increment of uptake with seasons 
and negligible leaching in the months of February, May, June and July, it is safe to 
assume that gross ammonification also peaked in July. The design of the experiment, 
however, did not permit us to make an estimate of the gross ammonification. 
4.5.2 Post-fire nitrification | 
！ 
Nitrification is the process whereby NH4-N is oxidized via NO2-N to NO3-
N by chemoautotrophic bacteria. Although NO3-N production depended on the I 
I 
availability 0fNH4-N substrate (Alexander 1977), correlation between the two was j 
insignificant in the present study (r^ = 0.05, p>0.05). 1 
I 
Soil NO3-N concentrations varied with seasons, but were much lower than 
NH4-N (Table 4.2). This agreed reasonably well with findings by Schoch and Binkley 
t 
(1986). Several explanations have been suggested in the literature to account for this 
phenomenon, namely low soil pH (Sarathchandra 1978; Sahrawat 1982), Al toxicity 
(Brar and Giddens 1968) and high soil organic matter (Boudot and Chone 1985). This 
will be explored in greater details in Chapter 5. 
Unlike NH4-N, net nitrification was recorded for the months of February, 
June, July and August, although the amount was only 0.01-0.21 ^g g'' day"^ (Table 
4.4). This shows that NO3-N is not as easily immobilized as NH4-N，especially when 
the two forms of mineral nitrogen are present (Rice and Tiedje 1989). This is because 
NH4-N is preferentially utilized by microorganisms in the metabolism of organic 
62 
carbon (Paul and Juma 1981; Recous et al 1990). Furthermore, some o f t h e NH4-N 
could be transformed to NO3-N by nitrifiers. 
The highest net nitrification was recorded during incubation in July (0.21 
^g g ] day-i) when rainfall was abundant. This is probably caused by a steady build-up 
of NH4-N in the preceding month of May when uptake of the same element was 
relatively low (0.25 ^ig g“ day"^). An adequate supply of NH4-N substrate therefore � 
I 
suffices peak production of NO3-N in June. This trend was not sustained in the 
succeeding months of July and August, possibly due to a steady increase of the 
I 
corresponding NO3-N uptake by plant (see Table 4.4). 
I 
As nitrification is an intensively studied soil process, its evaluation will not 
be complete without reference to other studies. Table 4.6 summarizes N 
mineralization ofselected vegetation communities developed on acidic (pH 6.1-6.4) to 
strongly acidic soils (pU 4.0-5.5), with and without the influence of fire. It clearly 
shows that net nitrification was reported for nearly all studies. Furthermore, results of t 
丨丨: 
I, 
the present study were largely comparable to those reported for abandoned pastures, |：： i 
shrubs and secondary forests. Does it imply that net nitrification is overwhelmingly |: 
ii 












































































































































































































































































































































































































































































































































4.5.3 Net nitrogen mineralization of the burnt soil 
The estimation of net nitrogen mineralization is fraught with problems 
caused by variable experimental techniques and inadequate consideration of all 
nitrogen processes. We have not included in the present study inputs from the 
atmosphere, nitrogen-fixing legumes and free living nitrogen fixers. Despite this, 
some generalizations can still be made from the data. 
、 I 
The leaching loss of NH4-N and NO3-N was surprisingly low and ‘ 
insignificant in the present study. The only leaching was found in May for NH4-N i 
(0.03 ^ig g-i day-i) and in February for NO3-N (0.03 ^ig g ] day]). As leaching is , 
determined from the difference between the covered and open cores, its absence can < 
either be caused by low gross mineralization rate of the covered soil or by 
mechanisms through which mineral nitrogen can be retained. In the present study, the 
production of mineral nitrogen in summer was higher in the open cores than in the 
covered counterparts. Occasional flooding of the open cores did not change this 
observation, indicating soil moisture as a limiting factor o f N mineralization. Because 
of this, no leaching was recorded during the summer months. Are there other factors 
conducive to low leaching? 
Other factors being equal, NH4 ions are more tightly held by the colloids 
than NO3 ions (Haynes 1986). Indeed, the high organic matter content of the soil 
could provide plenty of such adsorption sites for NH4 ions. Does this account for 
negligible leaching of NH4-N throughout the study period? We believe the 
f, 





microorganisms. What happened to NO3-N with which no immobilization had been 
observed throughout the incubation study? 
Rapid uptake of nutrients by plants is a viable means to maintain 
productivity of the disturbed system. There was no uptake of NH4-N in February 
when the vegetation was combusted by fire. NH4-N uptake increased progressively 
from May onwards, in line with rapid regeneration during the growing season (see � 
! 
Chapter 6). The established community preferred NH4-N to NO3-N because less 
energy was required in the process, as well as less NO3-N being produced j 
I 
(Woodmansee and Wallach 1981). The absence 0fNH4-N uptake in August might be • 
due to the rapid die-back of Veratrum maackii, a strong competitor ofmineral N. Thus , 
rapid uptake can counteract the leaching loss 0fNH4 ions. 
• 
The leaching and uptake pattem of NO3-N was largely similar to that of 
NH4-N. However, the absence of leaching in the summer months of June, July and 
August was due to rapid uptake by plants and, as discussed, high gross nitrification in 
the open cores. Unlike NH4-N, immobilization of NO3-N by microorganisms was 
insignificant. The species regenerated from rhizomes in February must have benefited 
greatly from NO3-N, yielding an uptake of 0.04 ^g g^ day'^ (see Table 4.4). For rest 
of the year, the plants preferred NH4-N to NO3-N. 
The net mineralization rate of the soil ranged from -0.32 to 0.57 |ig g'^  
day-i (Table 4.6). It compared favourably well with values derived from a wide range 
of vegetation communities. Net immobilization was also observed for 20-year 
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Figure 4.2 Temporal changes of mineral N after fire. 
1.2 T 
iI 八 
^ 0.8 i / \ , 
| i l _ ^ ^ / y V ^ 
^ 0 4 ^ ^ ^ ^ F ^ ^ ^ ^ ^ A M " ^ 7 f ” T ~ y ^ ~ S ~ ~ 0 N " " " D 
§ -0.2— » - 1 _ ^ \ � 
. O . 4 | Month Y ^ ^ ^ - - ^ I 
-0.6 丄 I 
_ ^ Net N Minerafcation _ ^ N Leaching _ ^ N Uptake ！ 
— I 
secondary forest (Montagnini and Sancho 1994) and secondary sere dominated by 
perennials (Robertson and Vitousek 1981). We must, however, recognize the 
limitation involved in this comparison as duration of these studies varied from 2 to 4 
seasons. While our study covered a period of one year, the overall changes ofmineral 
N is better illustrated by Figure 4.2. The leaching loss of mineral N remained low 
throughout the study period. Plant uptake was detected all year round, but peaked in 
the summer months. Net immobilization dominated the bumt soil, except for July 
I 




From findings of the present experiment, several conclusions can be 
summarized: 
1. Ammonification and nitrification were detected in the bumt soil. 
Ammonification predominated over nitrification throughout the study period. 
2. There were pronounced seasonal variations in the concentration 0fNH4-N 
in the bumt soil. It increased steadily from February, peaked in May and June but 
declined thereafter. The peak concentrations in May and June were about double that 
of the other months. 
A less discernible pattem was observed for the concentration ofNO3-N in 
soil. The highest concentration was found immediately after buming although there 
appeared a tendency to decline from July onwards. 
3. Leaching loss 0fNH4 and NO3 ions was insignificant notwithstanding the 
high rainfall in summer. 
4. Plant uptake of mineral N was observed throughout the study period, being 
highest in June, July and August. Again, the plants preferred NH4-N to NO3-N . 
5. Immobilization 0fNH4-N was active throughout the study period, except 
July when a net ammonification rate of 0.56 ^ig g"^  day"^ was recorded. Conversely, 
net nitrification occurred in the soil all the time although the rate was remarkably low. 
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Conversely, net nitrification occurred in the soil all the time although the rate was 
remarkably low. 
6. Overall, immobilization of mineral nitrogen dominated the bumt site 
throughout the study period. Net N mineralization was only found in July. The bumt 
site has evolved mechanisms to conserve nitrogen after disturbance, including high 




EFFECTS OF L m E AND PHOSPHORUS ON THE 
MINERALIZATION OF NEW BURNT SOIL 
5.1 Introduction 
It is shown in Chapter 3 that the new bumt soil is strongly acidic and 
deficient in nutrients including P. The soil is also characterized by high Al saturation 
and low base saturation. Although burning enhanced ammonification (see Chapter 4), 
the rates were low and effects short-lived when compared with other studies. 
Indeed, soil acidity is one of the most important factors affecting N 
mineralization. Treatment of acid soil with lime accelerates the decay of soil organic 
matter, simple carbonaceous compounds and plant tissues, and further the breakdown 
of the organic compound (Alexander 1977). Liming acid soils often caused an 
increase of the N mineralization rates (Nyborg and Hoyt 1978; Edmeades et al 1981), 
due to increased soil pH (Robertson 1982), microbial biomass C (Carter 1985) and 
reduced Al toxicity (Slattery 1995), although the effects might be temporary (Nyborg 
and Hoyt 1978). Falkiner et al (1993) also found that the effect of lime on pH was 
only confined to the 0-5 cm soil in an in situ incubation study. 
Liming also had beneficial effects on P availability due to the activated 
microbial activities (Haynes 1982). Halstead et al. (1963) reported that liming 
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produced an average decline of 3.6% of the total organic P in seven acid soils of 
eastem Canada. Marked increases in microbial activity were associated with lower 
values of extractable organic P. 
NH4-N availability was crucial to nitrification in primary and secondary 
sere at Indiana Dunes and New Jersey Piedmont, respectively (Robertson 1982). 
Haynes (1986) found that ammonium was dominant in acidic soils and nitrate in 
nonacidic soils, and that ammonification was more tolerant of low pH than 
nitrification. Furthermore, nitrification is often mediated by a small group of 
autotrophic bacteria while ammonification is mediated by a diverse heterotrophic 
biomass. However, Bauhus et al (1993) found that low pH was not a limiting factor 
for nitrification although a high pH might promote the establishment of autotrophic 
nitrifiers in eucalyptus forest soils. In light of these contradictory findings, are 
ammonification and nitrification of the Tai Mo Shan soil adversely affected by strong 
acidity? Do they respond to strong acidity differently? 
Apart from soil acidity, nutrient deficiencies, particularly P, can limit the 
activity of nitrifying bacteria (Haynes 1986). Purchase (1974a，b) observed that in 
some soils from savanna grasslands the activity of NO2-oxidizing bacteria was 
constrained by the concentration of available P. In a P-deficient soil, Munevar and 
Wollum (1977) showed increased N mineralization and soil respiration following P 
addition. Increased in situ N mineralization was also observed for dry sclerophyll 
eucalyptus forest after addition of P, and P + lime (Falkiner et al 1993). Similar 
findings were observed in bumt eucalyptus forest soils (Bauhus et al 1993). 
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However, suppression of added P on biomass N and NO3-N was also observed in 
acidic subalpine Eucalyptus pauciflora forest (Hossain et al 1995) and oak soils 
(Robertson 1982). As the local soil is deficient in P, will it be the major limiting 
factor for N mineralization? What will be the combined effects of lime and P on the 
mineralization o f N and P? 
In the present experiment, the effects of lime and phosphorus on N j 
mineralization were investigated. Field soil was collected and separately amended ‘ 
with lime, P, and combined lime and P. Lime was used to raise pH values up to 7 to 
ascertain how soil acidity affects N mineralization. Addition of phosphate is to 
ascertain whether P-deficiency has any adverse effects on N mineralization. 
Findings from this experiment attempts to answer the following questions: 
1. Are strong acidity and P deficiency limiting factors of N and P 
mineralization? 
2. What is the effect of lime on N and P mineralization? 
3. What is the effect of phosphate on N and P mineralization? 
4. What is the combined effect of lime and phosphate on N and P 
mineralization? 




5.2.1 Sampling of soil 
Soil samples were collected in November at the same sampling points 
earmarked for the in situ incubation study described in Chapter 4. The samples (0-10 
cm) were returned to the laboratory and kept in the refrigerator at 4°C after passing 2 
mm sieve. All the samples were bulked into one composite sample for amendment 
« 
with lime and P before laboratory incubation. t 
I 
I 
5.2.2 Lime treatment 
The pH of the original soil was 4.50. It was raised to 5.0，5.5, 6.0, 6.5, and 
7.0 with separate additions of dolomitic limestone (CaMgCO3) equivalent to 4，16，32， 
200 and 400 grams per kilogram soil^. 50 grams of soil were used for each treatment, 
which was replicated 3 times. The limed substrates were thoroughly homogenized, 
left in covered plastic vials and incubated in growth chamber at a temperature of 28°C 
and at field capacity? for 2 and 6 weeks. Covers of the plastic vials were removed 
every 4 days for ventilation purpose. Distilled water was added periodically to 
compensate for evaporative moisture loss. After each incubation period, NH4-N, NO3-
N，available P, and exchangeable Al were measured in accordance with methods 
described in Chapter 3. All the findings were presented on a dry weight basis of the 
soil after weight adjustment. Each value represents the mean o f 3 samples. 
6 These amendment rates were worked out after repeated trials, without consideration of the soil CEC 
and buffer capacity. 
7 The moisture content ofthis soil at field capacity was equivalent to 39%. 
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5.2.3 Phosphate treatment 
Potassium dihydrogen phosphate (KH2PO4) was added to 50 grams of soil 
at 3 loading rates equivalent to 80，100 and 120 milligrams per kilogram soil8. Each 
treatment was replicated 3 times. The mixture was homogenized and likewisely 
incubated at a temperature of 28°C and at field capacity for 2 and 6 weeks. Covers of 
the plastic vials were removed every 4 days for ventilation purpose. Distilled water 
was added periodically to compensate for evaporative moisture loss. After each 
I 
incubation period, NH4-N, NO3-N and available P were measured in accordance with 
methods described in Chapter 3. All the findings were presented on a dry weight basis 
o f t h e soil after weight adjustment. Each value represents the mean of 3 replicates. 
5.2.4 Combined lime and phosphate treatment 
Potassium dihydrogen phosphate (KH2PO4) was added to another set of 
limed soil prepared in accordance with procedures described in section 5.2.2. Each 
limed substrate was further amended with 3 phosphate loading rates equivalent to 80, 
100 and 120 grams per kilogram soil. Each combined treatment was replicated 3 
times. The mixture was homogenized, incubated and treated under the same 
conditions as detailed in sections 5.2.2 and 5.2.3. The same parameters as in section 
5.2.3 were measured after incubation for 2 and 6 weeks. All the findings were 
presented on a dry weight basis of the soil after weight adjustment. Each value 
represents the mean of 3 samples. 
‘These rates were used because they covered a wide range of P concentrations in average soils, viz. 
16，20 and 24 \xg g"' (Landon 1990). 
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5.3 Statistical analysis 
Statistical analysis was conducted by using the statistical package SPSS 
(for Windows). The difference between 2-week and 6-week incubations is evaluated 
by Student's t-test while differences among the treatments were tested by Duncan's 
Multiple Range Test. The confidence level of all tests are set at p<0.05, unless 
otherwise indicated. 
5.4 Results 
5.4.1 Chemical properties ofthe unamended soil 
Table 5.1 summarizes the chemical properties of the unamended bulk soil. 
The soil was strongly acidic and rich in organic matter content and TKN but deficient 
in nutrient cations. Total exchangeable acidity amounted to 11.24 cmol kg"\ 87% of 
which was Al. Mineral N was dominated by NH4-N (46.25 |ig g'^) while NO3-N and 
PO4 were negligible in this strongly acid soil. 
Table 5.1 Chemical properties of the unamended soil (n=3). 
Parameters Before treatment 
l H “ 4.50 (0.01) 
Organic matter 8.30 (0.06) 
TKN(%) 0.31 (0.03) 
NH4.N Oig g-i) 46.25 (2.33) 
NO3-N (^ig g-i) trace 
Total phosphorus (%) 0.03 (0.00) 
PO4 (Kig g_i) , trace 
Exchangeable K (cmol kg]) 0.11 (0.02) 
Exchangeable Na (cmol kg'^) 0.02 (0.01) 
Exchangeable Ca (cmol kg^) 0.02 (0.01) 
Exchangeable Mg (cmol kg^) 0.02 (0.01) 
Exchangeable Al (cmol kg^) 9.83 (0.02) 
Exchangeable H (cmol kg^) 1.41 (0.03) 
Total exchangeable acidity (cmol kg"^) 11.24 (0.05) 
Values in parenthesis represent standard deviation. 
• 
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5.4.2 Lime treatment 
5.4.2.1 Effect of lime on NH4-N production 
Table 5.2 summarizes NH4-N production of the different lime treatments. 
In general, NH4-N production increased exponentially with the time of incubation, 
with and without the treatment of lime. For instance, NH4-N concentration of the 
unlimed (L0) treatment was equivalent to 59.50 ^g g ] at 2 weeks and 105.31 ^ig g'^ at 
. { 
6 weeks. In short, significantly more NH4-N was produced when the incubation period , 
was prolonged to 6 weeks, except the L2 treatment. 
Lime amendment resulted in a dome-shaped pattem of NH4-N production 
from the soil. NH4-N levels were significantly reduced in the L1 (43.87 p,g g'^) and L5 
(37.96 ^ig g-i) treatments at 2 weeks incubation. It increased with loading rates o f l ime 
and peaked in the L3 treatment (112.34 ^ig g])，which nearly doubled that of the 
control. However, NH4-N production decreased gradually when the soil was amended 
with 200 gm kg '� or more lime. 
When incubation was extended to 6 weeks, a slightly different pattem of 
NH4-N production was observed. While production was again suppressed in the L1 
treatment, the L2 and L4 treatments yielded results not significantly different from the 
control. Peak production occurred in the L3 treatment (158.70 |ig g'^), being 
consistent with incubation at 2 weeks. Likewisely, the L5 treatment raised NH4-N 
level by 22%. 
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Table 5.2 Cumulative NH4-N production (^ig g'^) of the different lime treatments 
(n=3). 
Treatment NH4-N (2 weeks) NH4-N (6 weeks) t-test 
L0 59.50^ (5.58) 105.3”（11.38) ~ “ 
L1 43.87b (0.58) 58.81' (2.44) ** 
L2 74.27�（5.57) 89.67^ (12.69) NS 
L3 112.34d(8.83) 158.70�（11.00) ** 
L4 84.08^ (2.58) 92.31^ (1.41) * 
L5 37.96b (071) 128.64^ (14.94) ** 
The loading rates ofLO, L1, L2, L3, L4 and L5 were equivalent to 0，4，16，32, 200 and 400g dolomitic 
limestone kg] soil, respectively. L0 was the control treatment. 
For each column, values sharing the same letter are not significantly different at the p<0.05 level by 
Duncan's Multiple Range Test. 
For t-test: NS = not significant; * p<0.05; ** p<0.01. 
Values in parenthesis represent standard deviation. 
Table 5.3 shows the net cumulative NH4-N production of the different 
treatments. When the limed substrates were incubated for 2 weeks, immobilization of 
NH4-N occurred only in the L1 and L5 treatments. Net ammonification was highest in 
the L3 (52.84 ^ig g] ) treatment, being followed by the L4 (24.58 \ig g") and L2 (14.77 
M<g g i) treatments. 
Net ammonification occurred in the L3 (53.39 i^g g^) and L5 (23.33 p<g 
g-�trea tments when incubation was prolonged to 6 weeks. Immobilization was found 
for rest of the treatments, being highest in the L1 treatment (-46.50 \ig g'^). 
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Table 5.3 Net cumulative NH4-N production (^ig g^) of the different lime 
treatments (n=3). 
Treatment NH4-N (2 weeks) NH4-N (6 weeks) 
U 4 I ^ -46.50 
L2 14.77 -15.64 
L3 52.84 53.39 
L4 24.58 -13.00 
L5 -21.54 23.33 
I 
Positive values denote net ammonification while negative values denote immobilization. 
5.4.2.2 Effect of lime on NO3-N production 
Although NH4-N substrates were available in the limed substrates, NO3-N 
I 
was not detected in any o f the treatments (Table not included). This is in line with the 
control soil (L0) in which NO3-N was negligible. 
I 
5.4.2.3 Effect of lime on PO4 production 
PO4 was not detected in any of the limed treatments, being consistent with 
the control soil (Table not included). 
5.4.2.4 Effect of lime on exchangeable Al 
Table 5.4 shows the exchangeable Al of the different lime treatments. 
Exchangeable Al decreased exponentially with the addition of lime. Al was not 
detected in L4 and L5 in 2 weeks incubation, and L5 in 6 weeks incubation. 
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Table 5.4 Exchangeable Al (cmol kg ] ) of the different lime treatments (n=3). 
Treatment Al (2 weeks) Al (6 weeks) 
" • L 0 9.82^ (0.06) 9.94^ (0.24) 
L1 0.98b (002) l.Olb (0.06) 
L2 0 .19�（0 .03) 0 .22�（0 .00) 
L3 0 . 1 7 � ( 0 . 0 0 ) 0.18' (0.01) 
L4 nil 0.15^ (0.02) ‘ 
L5 nil nil 
Values in parenthesis represent standard deviation. 
For each column, values sharing the same letter are not significantly different at the p<0.05 level by 
Duncan's Multiple Range Test. 
5.4.3 Phosphorus treatment 
5.4.3.1 Effect of phosphorus on NH4-N production 
Table 5.5 summarizes cumulative production 0fNH4-N with different P 
treatments. The addition o f P tended to suppress NH4-N production from the soil. Soil 
NH4-N levels were comparable between the control and P1 treatment after 2 weeks 
incubation. With the addition of 80 mg kg] KH2PO4 or more, NH4-N production was 
significantly reduced. The higher the P amendment rate, the greater the magnitude of 
reduction. 
NH4-N levels increased with incubation time for all the substrates amended 
with P. The production 0fNH4-N also decreased with P loading rates after incubation 
for 6 weeks. 
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Table 5.5 Cumulative NH4-N production (^ig g ' ) of the different P treatments 
(n=3). 
Treatment NH4-N (2 weeks) NH4-N (6 weeks) t-test 
P0 59.50^ (5.58) 105.31^(11.38) ^ 
P1 56.78' (1.35) 67.68'(1.33) * 
P2 20.33' (1.19) 72.93b (3 20) •** 
P3 36 .96�(2 .76) 55 .93�(2.57) ** ^ 
The loading rates of P0, P1, P2 and P3 were equivalent to 0, 80, 100 and 120mg KH2PO4 kg" soil, 
respectively. 
For each column, values sharing the same letter are not significantly different at the p<0.05 level by 
Duncan's Multiple Range Test. 
Fort-test: * p<0.05; •* p<0.01; *** p<0.001. , 
Values in parenthesis represent standard deviation. 
Net cumulative NH4-N production of the P-amended substrates is shown in 
Table 5.6. Immobilization of NH4-N occurred in all the substrates, magnitude of 
which appeared to increase with loading rates and duration ofincubation. 
Table 5.6 Net cumulative NH4-N production (^ig g ] ) of the different P treatments 
(n=3). 
一 Treatment NH4-N (2 weeks) NH4-N (6 weeks) — 
n T 7 2 -37.63 
P2 -39.17 -32.38 
P3 -22.54 -49.38 
Negative values denote immobilization 0fNH4-N. 
5.4.3.2 Effects of phosphorus on NO3-N production 
Again, NO3-N was not detected in any of the substrates amended with or 
without P (Table not included). 
5.4.3.3 Effects of phosphorus on PO4 production 
Similar to the control treatment, PO4 was not detected in any of the 
amended substrates (Table not included). 
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5.4.4 Combined lime x P amendment and mineralization of N and P 
5.4.4.1 Effect of lime x P on NH4-N production 
Profound variations in NH4-N concentration were found in the combined 
lime X P treatments (Table 5.7). Despite this, some generalizations can still be made. 
First, cumulative NH4-N production increased with incubation time, as in the separate 
treatments with lime and P. 
Second，a more or less dome-shaped pattem of production was found, 
regardless ofincubation time. While the addition o f P alone tended to suppress NH4-N 
production (see Table 5.5), the same results were found in the combined treatments. 
I I ] 
With few exceptions, NH4-N decreased with loading rates of P for all the treatments. 
For instance, NH4-N production was 99.47，68.05 and 54.73 ^g g"^  for the L3xPl , 
L3xP2 and L3xP3 treatments incubated for 2 weeks. 
Third, the highest NH4-N production was found in the L3xPl (99.47 ^ig 
g-i) and L4xPl (102.85 fig g'^) treatments after 2 weeks incubation. When incubation 
was extended to 6 weeks, relatively higher production occurred in the L3xPl (146.04 
^ig g-i)，L3xP2 (119.01 ^ig g-i)，L3xP3 (114.07 ^ig g \ a n d L5xPl (112.26 ^ig g ' ) 
treatments. 
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Table 5.7 Cumulative NH4-N production (^ig g . � o f the different combined lime 
X P treatments (n=3). 
— Treatment NH4-N (2 weeks) NH4-N (6 weeks) 
LOTPO 59.50^ (5.58) 105.31'(11.38) 
L O x P l 56.78^ (1.35) 67.68'^(1.33) 
L 0 x P 2 20.33' (1.19) 72.93^' (3.20) 
L O x P 3 36.96' ' (2.76) 55.93' (2.57) 
" T T x P l 2 7 : ^ ' " ( l 4 4 ) 5439^ (6.08) 
L1 X P2 30.73bc (4 38) 68.69^' (4.56) 
L l x P 3 28.18' (2.37) 46.09' (0.99) 
L 2 x P l ^ W { j : 9 y j 57.39^ (5.i4) 
L 2 x P 2 46.42cf(7.30) 65.37^(2.35) • 
L 2 x P 3 45.32' ' (5.25) 71.04® (0.36) 
L3 x P l ^ : 4 f " ( l "^ ) 146.6? '(3.72) 
L 3 x P 2 68.05' (7.41) 119.0l '(1.30) 
L 3 x P 3 54 j3g (4.33) 114.0r ' (2.96) 
L 4 x P l l6 l85 '"^ :3^^ 73.34'^ '(5.'S6) 
L 4 x P 2 66.83' (1.76) 77.76^ (1.49) 
L 4 x P 3 26.45ab(4.i3) 32.04^ (2.40) ！ 
L5 x P l 5L48^"(2"8^ H l i g (3.00) 丨 
L 5 x P 2 41.26de (0.99) 91.76' (3.28) 
L 5 x P 3 5O.79fg (7.95) 83.49g (4.89) 
For each column, values sharing the same letter are not significantly different at the p<0.05 level by 
Duncan's Multiple Range Test. 
Values in parenthesis represent standard deviation. 
Table 5.8 summarizes the net ammonification of the different combined 
lime X P treatments. Immobilization occurred in most of the treatments, regardless of 
incubation time. When the substrates were incubated for two weeks, net 
ammonification was found only in the L3xPl (39.97 ^g g \ L3xP2 (8.55 ^g g \ 
L4xPl (43.35 \ig g-i) and L4xP2 (7.33 yig g]) treatments. At 6 weeks incubation, net 
ammonification occurred in the L3xPl (40.73 i^g g \ L 3 x P 2 (13.70 ^ig g \ L 3 x P 3 
(8.76 ^ig g-i)，and L5xPl (6.95 ^g g]) treatments. 
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Table 5.8 Net cumulative NH4-N production (^g g'^) of the different combined 
lime X P treatments. 
一 Treatment NH4-N (2 weeks) NH4-N (6 weeks) 
L l x P l ^ JTM -50.92 
L l x P 2 -28.77 -36.62 
L l x P 3 -31.32 -59.22 
L 2 x P l - 5 3 6 - ' ^ m 
L 2 x P 2 -13.08 -39.94 
L 2 x P 3 -14.18 -34.27 
L 3 x P l 39"97 '40"73 
L 3 x P 2 8.55 13.70 
L3 X P3 -4.77 8.76 
L 4 x P l ' 43"35 -3l"97 
L4 X P2 7.33 -27.55 
L 4 x P 3 -33.05 -73.27 
L 5 x P l -8:02 - 6：95 
L 5 x P 2 -18.24 -13.55 
L 5 x P 3 ± n -21.82 
Positive values denote net ammonification while negative values denote immobilization. 
5.4.4.2 Effect of lime x P on NO3-N production 
Similar to the separate treatments with lime and P, NO3-N was not 
detected in any of the combined treatments (Table not included). 
5.4.4.3 Effect of lime x P on PO4 production 
Again, PO4 was not detected in any of the combined lime x P treatments 
(Table not included). 
5.5 Discussion 
5.5.1 Effect of soil acidity on ammonification 
Soil acidity is one of the most important factors controlling N 
mineralization. It is therefore a common practice to use lime on acid soils to accelerate 
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N mineralization QSIyborg and Hoyt 1978). As seen from Chapters 3 and 4，the soil 
under investigation is strongly acidic and high in exchangeable acidity. In situ 
ammonification was greatly enhanced in May due to the residual effect of ash. It 
decreased for rest of the seasons, alongside with increase in soil exchangeable Al ions 
and a reduction of the pH values. On the other hand, NO3-N production was always 
low in the bumt soil. Is N mineralization adversely affected by soil acidity in the 
study area? Do ammonification and nitrification respond differently to soil acidity? 
In the present study, NH4-N production was detected in the unlimed soil 
(pH 4.5). Liming the soil to pH 5.0 resulted in NH4-N level significantly lower than 
the control. However, production was greatly enhanced when the soil was limed to pH 
5.5-6.5 at 2 weeks incubation, and to pH 6.0 and 7.0 at 6 weeks incubation. Peak 
production (112.34 and 158.70 ^ig g"^) was recorded at pH 6.0 in both incubations, 
indicating that strong acidity was suppressive of ammonification activity. How can we 
establish the empirical relationships between pH and NH4-N production? 
Two methods were employed, viz. the linear regression method and the 
quadratic regression method. The scatterplots (Figures 5.1a & b) clearly show that 
optimal pH for NH4-N production is 6.0，which is then used as a dividing line of the 
linear regression models. Linear regression shows that NH4-N production is positively 
correlated with soil reaction within the pH range of 5.0-6.0, regardless of incubation 
time (Table 5.9). At pH range 6.0-7.0, however, a negative correlation was found only 
in the substrates that have been incubated for 2 weeks. 
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Figure 5.1 Scatterplots of cumulative NH4-N production and soil pH. 
(a) 2-week incubation 
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(b) 6-week incubation 
200 T 
^ 1 5 0 I i : 
bO : 
^ 100 一一 拿 • ^ ‘ I 
I 5 0 十 • 
0 J H 1 1 —H 
4 5 6 7 8 
pH 
85 
Table 5.9 Correlation of 2-week NH4-N production (^ig g \ yO and 6-week NH4-
N production {[ig g \ y2) with soil pH 5.0 to 6.0 (xi) and 6.0 to 7.0 
(x2). 
y = a + bx R SE 
2-week NH4-N production 
pH 5.0 - 6.0 yi = -299.74 + 68.47xi 0.97*** 5.95 
pH 6.0 - 7.0 y, = 561.62-74.38xi 0.96*** 6.86 
6-week NH4-N production 
pH 5.0 - 6.0 y2 = -447.02 + 99.89x2 0.92*** 13.65 
pH 6.0 - 7.0 V2 = 321.94 - 30.06¾ 0.19^^ 29.20 
Significance level: NS = not significant; *** p<0.001 
The significant correlation between NH4-N production and pH is perhaps 
better illustrated by use o f the quadratic regression method (Table 5.10). Following a 
parabolic pattem, NH4-N production increased progressively with pH increase caused 
by lime addition. However, it decreased at high loading rates of lime. While we are 
dealing with a strongly acid soil, the relationship between ammonification and pH 
above 7.0 is beyond the scope of the present study. 
Table 5.10 Correlation of2-week NH4-N production (|ig g \ yO and 6-week NH4-
N production (^g g \ y2) with soil pH (x). 
y = ax" + bx + c ^ S E ~ 
2-weekNH4-N production yi = -63.68x^ + 751.71x - 2 1 5 2 . 0 7 " " " 0 . 9 1 * * * ” 9 A T 
6-week NH4-N production y2 = -35.57x^ + 455.26x - 1327.76 0.50* 28.20 
Significance level: * p<0.05; *** p<0.001 
In short, liming has a capacity to augment the production of NH4-N from 
the acid soil. Favourable results were obtained within the pH range of 5.5-6.5. This is 
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in agreement with findings by Carter (1985) and Ghosh et al (1990). Of course, the 
optimal pH for ammonification to proceed was 6.0 (L3 treatment), at which the 
highest net ammonification rate was recorded (see Table 5.3). What is the implication 
of this finding with reference to nutrient supplying-capacity of the soil? This will be 
discussed more in the concluding chapter o f the thesis. 
Much have been said about the relationship between NH4-N production 
and pH. The strong acidity of the soil under investigation is sustained by a large 
reserve ofexchangeable Al ions (r^ = 0.67, p<0.001). What role does exchangeable Al 
play in the ammonification of soil? Exchangeable Al was exponentially reduced with 
lime addition (see Table 5.4). When the limed substrates were incubated for 2 weeks, 
no correlation existed between NH4-N production and exchangeable Al. However, 
NH4-N is negatively correlated with exchangeable Al (r^=0.61, p<0.001) after 
incubation for 6 weeks. This clearly shows that Al suppressed ammonification of the 
soil, although not as much as pH did. 
The results of the present experiment also confirmed the finding of 
Chapter 4 that NH4-N was easily immobilized，especially when pH was below 5.0 
(see Table 5.3) regardless of incubation time. Indeed, net immobilization was highest 
(46.50 fig g-i) in the soil amended to pH 5.0 (L1 treatment) and incubated for 6 weeks. 
High immobilization was probably caused by the rapid proliferation of microbial 
population, favoured by the incubation condition and by the presence of 
decomposable C substrates which become available after sieving (Gonzalez-Prieto et 
a l 1995). As the soil is rich in organic matter, fixation 0fNH4-N by organic colloids 
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is possible, as argued by Brady (1990). In the decomposition of carbonaceous litter, 
the microbial population is also a strong competitor for NH4-N especially when plant 
uptake is absent. Is immobilization 0fNH4-N not a mechanism to conserve nitrogen in 
this acidic but organic matter-rich soil? 
5.5.2 Effect of soil acidity on nitrification 
Increased soil pH in conjunction with elevated NH4-N after lime 
treatments did not enhance NO3-N production. This is in great contrast with other 
studies which showed nitrification was positively correlated to soil pH (e.g. 
Sarathchandra 1978; Sahrawat 1982). NO3-N was not detected from any of the limed 
treatments. This is somewhat consistent with results obtained from in situ incubation 
(see Chapter 4). Even though NH4-N substrates were present in the in situ soil, 
nitrification was either absent or negligible. While we are comparing a limed substrate 
against the unlimed field soil, does it mean that nitrification is not affected by acidity? 
It is obviously the case in the present study, under the specific experimental 
conditions. What are the underlying factors suppressing NO3-N production? 
There were probably few nitrifiers in the soil. Unfortunately, the design of 
the present experiment does not permit us to verify this. Apart from autotrophic 
nitrification, NO3-N can also be produced by heterotrophic microorganisms (bacteria, 
ftmgi and actinomycetes) from NH4-N (Haynes 1986). As the population size of total 
bacteria or fungi did not increase after liming (Edmeades et al 1981)，nitrification 
could have remained inactive in the limed substrates. Thus, nitrification in the bumt 
soil could be controlled more by the microbial activity than any soil chemical 
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properties including pH. Ofcourse, nitrification could also be suppressed as a result of 
the fixation ofNO2-N by organic matter (Boudot and Chone 1985). 
5.5.3 Effect of lime on the mineralization of P 
The mineralization of P was not enhanced by lime amendment of the acid 
soil, being contradictory to findings by Halstead et al (1963), Haynes (1982) and 
Trasar-Cepeda et al (1991). Available P remained undetectable for all the limed 
treatments. Is it a result of the low total phosphorus of the soil or of the rapid 
complexation by Al, Fe and Mn? There is no simple answer to this question. It can 
I 
only be speculated that the soil contains low P and the available fractions have been 
tightly complexed by Al, Fe and Mn. The addition of lime is unable to cause any 
changes on the complexes. 
Nonetheless, this finding has great implication on P nutrition of the bumt 
soil. The local species must have evolved mechanisms to tackle this deficiency 
problem. What are they? As lime is unable to augment P supply of the acid soil, will 
the direct addition of phosphate or the combined treatment of lime and phosphate 
produce different results? 
5.5.4 Effect of combined lime x P on the mineralization ofN and P 
In the absence of lime and pH correction, the addition of P significantly 
suppressed NH4-N production regardless of incubation time. The inhibitive effect 
tended to increase with the loading rates o f P (see Table 5.6), a finding different from 
that ofMunevar and Wollum (1977). Furthermore, immobilization 0fNH4-N occurred 
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in all the P-amended substrates. As P addition caused no changes in the soil pH (data 
not presented), the low production of NH4-N was consistent with this acid soil. But 
why was ammonification suppressed when compared with the control (see Table 5.5)? 
In the combined treatment of lime and P，overall NH4-N production 
appeared to be lower than those treated alone with lime but higher than those treated 
with P (see Tables 5.2, 5.5，5.7). Robertson (1982) and Hossain et al (1995) also 
I 
reported a suppression of N mineralization by combined lime and P treatments. It 
appears therefore lime and P have a counteractive effect against each other and that | 
1 
lime assumes a more dominant but positive influence on ammonification in the 
combined treatments. For instance, NH4-N production was remarkably higher in the 
L3xPl , L3xP2 and L3xP3 treatments than any other combined treatments. Similarly, 
the L3 treatment o f t h e limed substrate also recorded the highest NH4-N concentration 
at 6 weeks (see Table 5.2). 
On the other hand, NO3-N and PO4 were not detected in any of the 
substrates amended separately with lime，P and combined lime x P. This warrants 
further investigation. 
5.6 Conclusion 
From findings of the present experiment, the following conclusions can be 
summarized: 
1. Strong acidity is a limiting factor of ammonification, but not nitrification 
and P mineralization. P deficiency is not a limiting factor o f N and P mineralization. 
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2. Ammonification was enhanced when the substrates were amended with 
dolomitic limestone to a pH range of 5.5-6.5. Peak NH4-N production was recorded 
when the soil was limed to pH 6.0. Ammonification, however, decreased beyond pH 
6.0. NO3-N and mineral P was not detected in any of the limed substrates. 
3. The amendment with phosphate significantly reduced NH4-N production 
o f the soil, magnitude of suppression being proportionate to loading rates. NO3-N and 
mineral P were not detected in any of the substrates amended with P. 
i 
I 
4. In the combined lime x P treatments, NH4-N production was lower than 
those recorded for separate amendments with lime and P. Lime and P appeared to 
have a counteractive effect on soil ammonification. While P remained to be inhibitive, 
lime assumed a more dominant but positive effect on ammonification. NO3-N and 
mineral P were not detected in any of the combined lime x P treatments. 
5. Immobilization of NH4-N was dominant in majority of the treatments, 
being consistent with the results obtained from in situ incubation. It is not known 





VEGETATION REGENERATION AND NUTRIENT 
COMPOSITION AFTER FIRE 
6.1 Introduction 
The relationship between fire and vegetation can be two-fold. On the one 
hand, fire causes direct damage to vegetation through ignition and combustion of the 
organic matter (Chandler et al 1991). On the other hand, fire stimulates vegetation 
growth and helps maintain a stable vegetation community, typical example being the 
chaparrals in California (Parsons 1976; Riggan et al 1988). Vegetation response to 
fire varies with ecosystems but within an ecosystem, from location to location and fire 
to fire. Among the determinants of vegetation response are fire severity, life-history of 
the constituent species, previous site history, landscape mosaic, and seasonality 
(Christensen 1993). 
Post-fire vegetation regeneration pattem varies greatly and the rate of 
recovery is dictated by fire intensity (Moreno and Oechel 1991) which affects 
resprouting potential (Malanson and Trabaud 1988), and the number of viable seeds 
(Hassan and West 1986). Kauffman and Martin (1990) reported that nearly all shrub 
species in mixed conifer forests of the Sierra Nevada were adapted to frequent low 
intensity surface fires. Ahlgren (1960) suggested that severe bums undoubtedly killed 
underground parts of vegetatively reproduced species, thus eliminating them from 
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competition. However, Roberts et al (1988) showed that high intensity fires had no 
impacts on either weeping lovegrass {Eragrostis curvula) or tobosagrass {Hilaria 
mutica) in westem Texas. Herbaceous species were usually the first species to 
germinate and regenerate after fire and their presence was strongly selected by fire 
(Moreno and Oechel 1991). 
Most of the vascular species possess two mechanisms for persistence 
during disturbance and subsequent re-establishment: (i) an ability to regrow I； 
I 
vegetatively, and (ii) storage ofseeds in the soil (Hobbs et al 1984). In the passage of 
fire, heat breaks the dormancy of the seeds and trigger off germination (Floyd 1966; 
Purdie 1977). In a bumed mixed-wood area in northern Saskatchewan, 372 plants 
(87%) regenerated from seed and 54 (13%) from remnant roots or rhizomes 
(Archibold 1979). Ruyle et al (1988) also reported an increase in germinability of 
Lehmann lovegrass {Eragostis lehmanniand) seeds associated with fire in Arizona. In 
a local study, Thrower and Thrower (1986) found that post-fire regeneration ofplants 
originated from root stocks and underground parts and that grass contributed over 
40% coverage of the bumt area. 
In the study of germination response of some common shrub species in 
semi-arid and arid woodlands, Hodgkinson and Oxley (1990) found that seeds of all 
species were killed by slow burning litter fires when the temperature exceeded 80°C. 
Furthermore, depth of seed placement in the soil, soil moisture level, and amount and 
fuel type also influence the percentage of seed germination. There are, however, no 
information on seed production and storage in soil the local environment. 
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Ecosystem productivity results from interactions of multiple factors: soil 
nutrient availability, floristic composition, microbial activity, climate and topography 
(Odum 1971). Species richness and species diversity were found to increase after fire 
because of the added nutrients from the ash. This vegetation not only utilized and 
retained minerals from the ash which might otherwise be lost in leaching, but also 
provided the cool, moist microenvironment necessary for the growth of young tree 




During the first couple of years after a fire in Chamise chaparral in 
California, a flush of herbaceous annuals and short-lived perennials regenerated and 
were replaced by shrubs after 14 years (Parsons 1976). For Banksia woodland, shrub 
species were most abundant only in 2-5 years after fire (Hobbs and Atkins 1990). 
Biomass production of aspen communities even exceeded prebum biomass by 23 to 
46% (Bartos et al 1994). However, Rego et al (1991) reported that though forb (a 
non-grassy and herbaceous species) and grass cover increased initially after fire, there 
were no significant changes in the number of species following fires in maritime pine 
forests in Portugal. Armour et al (1984) also revealed that post-fire biomass were 
dependent on the prebum plant community production in ponderosa pine forests. 
The capacity of vegetation to conserve nutrients is also a determinant for 
post-fire vegetation production in the long run because biomass acts as a nutrient sink 
in oligotrophic tropical ecosystems (Richards 1952; Golley 1983). The capacity of 
understorey shrub and graminoid strata to resprout rapidly after fire and to conserve 
Ca，Mg, K and P is a prerequisite to accumulation of above-ground biomass. 
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It is well-documented in Hong Kong that fire arrested vegetation 
succession (Thrower 1975), simplified the initial floristic composition (Thrower and 
Thrower 1986) and hindered plant biodiversity (Chau 1994). Local studies revealed 
that periodic fires were the major threat to ecosystem productivity (Thrower 1975) 
even though the vegetation could easily regenerate from rook stocks and rhizomes 
(Thrower and Thrower 1986). As study in Tai Shui Hang illustrated that only 14 
species regenerated 18 months after fire (Thrower 1975)，which was in agreement 
with the finding that fire-prone areas were in favour of species-poor communities | 
(Chau 1994). As the grassland in the study area is dictated by periodic fires，what will 
be the mode and pattem of vegetation regeneration after buming? While the results 
from the previous chapters showed that low intensity bum did not enhance a high 
nutrient flush, how will it affect recovery and species composition o f t h e ecosystem? 
Vegetation regeneration was closely monitored after fire with special 
emphasis on species regeneration, density, frequency, percentage cover and height 
growth. Foliage samples were also collected and analysed for their chemical 
composition in an attempt to ascertain the relationship between regeneration and soil 
nutrient availability. 
Findings from this experiment will answer the follow questions: 
1. What is the species composition of the vegetation community after a low 
intensity fire? 
2. What are the regenerative traits of the species? 
3 Is there any seasonal growth pattem of the regenerated species? 
4. What is the nutrient composition of the regenerated species? 
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6.2 Methodology 
6.2.1 Vegetation regeneration analysis 
Regenerated species were recorded in late February (2 weeks after fire), 
May, August and November 1995. Fifteen sampling points from the bumt site were 
selected by systematic random sampling. For each sampling point, a 1 m^ quadrat was 
laid on the ground throughout the study period for vegetation logging. In each 
quadrat, shoot density, frequency of appearance, coverage, height and means of 
regeneration of each species were recorded in accordance with procedures described 
by Muller-Dombois and Ellenberg (1974). Each value represents the mean of 15 
quadrats, unless otherwise stated. 
6.2.2 Chemical analysis 
Fresh foliage samples of each regenerated species were collected 
separately in February, May, August and November nearby the sampling points 
described above. For each species, five replicates were randomly collected in each 
occasion, returned to the laboratory, rinsed with de-ionized water, air-dried and then 
oven-dried to constant weight at 85°C. The oven-dried samples were ground, passed 
through 0.25 mm sieve and stored for chemical analysis. Total Kjeldahl nitrogen was 
determined by Kjeldahl digestion method using 0.5 grams sample, as described in 
Chapter 3. Mixed acid digestion (1:5:0.5 of perchloric, nitric and sulphuric acid) 
method was used for the determination of total P, K, Ca, Mg and Na (Allen 1989). For 
the determination oftotal P, molybdenum blue method was used after wet digestion of 
the sample. The digest was filtered through Whatman 44 filter paper and diluted to 50 
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ml for the determination of K, Ca, Mg and Na by use of the Varian Spectr AA-300 
Atomic Absorption Spectrophotometer. 
6.3 Results 
6.3.1 Vegetation regeneration 
Table 6.1 shows the species composition of the regenerated community 
after fire in the study area. Three species regenerated from rhizomes two weeks after 
fire in February, namely two grasses {Miscanthus floridulus and Ischaemum 
aristatum) and one herb {Veratrum maackii). Among these pioneer species, M 
floridulus had the highest density and frequency while K maackii recorded the highest 
coverage and mean height. The coverage of V. maackii was nearly 10-fold that of 
grasses. The total coverage in February was 4.5% of which V. maackii alone 
contributed 3.8%. The most dominant species was M. floridulus, followed by V. 
maackii and L aristatum, respectively. 
% 
In May eleven more species regenerated from the bumt site. These 
included 5 shrubs {Melastoma candidum, Eurya chinensis, Ilex asprella, Rubus 
reflexus and Baeckea frutescens), 2 climbers {Lycopodium cernuum and Smilax 
chind), 2 herbs (Adenosma glutinosum and Centella asiatica), 1 fem {Dicranopteris 
linearis) and 1 creeping vine {Melastoma dodecandrum). Most of the species 
regenerated from their root stocks while a few from either seeds or spores. Together 
with the 3 pioneer species regenerated in February, 14 species had re-established on 





































































































































































































































































































































































































































































































































































































































































































































































































































































































M. floridulus attained an average height of 0.56 m while the rest were 
mostly below 0.32 m. The five most dominant species were M. floridulus, E. 
chinensis, D. linearis, V. maackii and L aristatum. The grass M. floridulus recorded 
the highest values in density, frequency, coverage and height, followed by E. 
chinensis and V. maackii. Due to the regeneration of additional species and 
accelerated growth, the total coverage increased to 44.3% in May, representing a 10-
fold increase against that recorded in February. 
In August, no new species regenerated on the bumt site. The established 
species benefited greatly from the summer rainfall in June, July and early August. The 
total coverage had increased from 44.3% in May to 93.5% in August. The dominant 
species were M.floridulus, E. chinensis, D. linearis, R. reflexus, I. aristatum, S, china 
and V. maackii, with the last three species sharing the same density. They covered 
49.3%, 15.8%, 3.9%, 4.1%, 4.1%, 4.5% and 1.2% of the bumt area, respectively. The 
cover of V. maackii dropped drastically from 6.5% in May to 1.2% in August 
subsequent to leaf senescence. The average height of the regenerated species 
continued to increase, the tallest ones being M. floridulus (1.25 m) and V. maackii 
(1.15m). 
No significant changes in species regeneration and growth were found in 
November. Height increment had slowed down while density and frequency of 
individual species were comparable to that of August. The overall coverage increased 
marginally from 93.5% in August to 95.2% in November. Likewisely, M. floridulus, 
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E. chinensis, R. reflexus and D. linearis were the most dominant species, followed by 
S. china and I. aristatum. 
6.3.2 Nutrient composition of regenerated species 
6.3.2.1 Total Kjeldahl nitrogen 
TKN ranged 1 - 5% for most o f t h e species (Figure 6.1). Among the first 
three regenerated species in February, K maackii yielded the highest TKN 
concentration (4.28%). In May the highest TKN concentration was recorded for E. 
chinensis, followed by C. asiatica, R. reflexus andA glutinosum. TKN concentrations 
decreased gradually with seasons for most of the species, except B. frutescens which 
recorded a significant build-up in November. 
Figure 6.1 Seasonal changes of TKN (% ODW) in foliage of the regenerated 
species (n=5). 
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6.3.2.2 Total phosphorus 
Total P ranged 0.01 - 0.22% for most of the species (Figure 6.2). The 
highest P concentrations coincided with the three species regenerated from rhizomes 
in February, namely V. maackii (0.22%), M. floridulus (0.16%) and I. aristatum 
(0.13%). Most o f the species recorded a gradual decline in P concentrations with time. 
However, B. frutescens accumulated more P in November (0.04%) than in May and 
August (0.02%), a trend similar to N build-up for the same species. 
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Potassium varied from 0.4% to 3.17% for the regenerated species (Figure 
6.3). V. maackii and I. aristatum accumulated more K than the grass M. floridulus in 
February. M. dodecandrum, C asiatica and V. maackii yielded the highest K 
concentrations but without a clear seasonal pattem. While most species recorded a 
gradual decline with seasons, 1. asprella, M. dodecandrum and S. china were 
characterized by a build-up towards the end of the study. Perhaps the most notable 
species was M dodecandrum, K concentration of which increased from 0.54% in May 
to 3.17% in November. B. frutescens, D. linearis and M. candidum accumulated less 
K than the other species. 
Figure 6.3 Seasonal changes of K (% ODW) in foliage of the regenerated species 
(n=5). 
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Calcium ranged from 0.01% to 1.65% in the foliage of the regenerated 
species (Figure 6.4). There was a build-up of Ca with seasons, except for I. aristatum, 
L cernuum, M. candidum and V. maackii. D. linearis, I. aristatum, L cernuum and M 
Jloridulus accumulated much less Ca than other species. The highest Ca 
concentrations were found in the perennial shrubs of M candidum, A. glutinosum and 
M. dodecandrum. M. dodecandrum recorded an 8-fold increase of Ca from August to 
November, a trend similar to K for the same species. 
Figure 6.4 Seasonal changes of Ca (% ODW) in foliage of the regenerated species 
(n=5). 
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6.3.2.5 Magnesium 
Magnesium ranged from 0.05% to 0.5 % for the regenerated species 
(Figure 6.5). The highest Mg concentrations were recorded for E. chinensis and A. 
glutinosum in May but dropped drastically thereafter. Mg concentrations decreased 
with seasons for most of the species, except I. asprella, L cernuum, M. candidum, M. 
floridulus and M. candidum. Incidentally, D. linearis, I. aristatum, L cernuum and M. 
candidum accumulated less Mg compared with other species in the same community. 
Figure 6.5 Seasonal changes of Mg (% ODW) in foliage of the regenerated 
species (n=5). 
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6.3.2.6 Sodium 
Sodium varied from 0.01% to 0.50% for the regenerated species and there 
was no discernible pattem of accumulation with reasons. Relatively higher Na 
concentrations were found in C. asiatica, B. frutescens and A. glutinosum (Figure 
6.6). M. dodecandrum recorded a 10-fold increase from 0.05% in May to 0.5% in 
November, a trend similar to K, Ca and Mg. 
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6.4 Discussion 
6.4.1 Vegetation regeneration after fire 
Fourteen species from 12 families regenerated in the study area 9 months 
after fire (Table 6.1). These included 1 creeping vine, 3 herbs, 2 climbers, 1 fem, 2 
grasses and 5 shrubs, all of which are native species. The regenerated species 
benefited from elevated mineral nitrogen levels in the soil (see Chapter 4) as well as 
the summer rain. The bumt area was mainly occupied by grasses and patches of shrub, 
which accounted for 95.2% cover o f the bare ground towards the end o f the study. M 
floridulus was amongst the most dominant species at all times, followed by E. 
chinensis and V. maackii. 
With a monsoonal climate, Hong Kong not only has a large flora (2346 
species) for its small area, but also that these species represent a very wide spectrum 
of the plant kingdom (Thrower S.L. 1975). It appeared therefore the number of 
regenerated species from the bumt site was few. What did it imply? In a local study of 
post-fire regeneration on scrubland community in Tai Shui Hang, 14 species including 
some unidentified grasses regenerated 18 months after fire (Thrower 1975). Similarly, 
up to 37 species regenerated on grassy slopes after 3 successive fires in 4 years 
(Thrower and Thrower 1986). While the latter study dealt with grassy slopes that had 
been hydroseeded prior to fire occurrence, the results clearly indicate that frequent 
low intensity fire reduces species variety in the long run. This is in agreement with the 
suggestion that fire-prone areas in the territory are also species-poor communities 
(Chau 1994). 
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When results of the present study were compared with that of Thrower 
(1975)，only the fem D. linearis was common in the two bumt sites. The fem 
regenerates from either rhizome or spores and thrives extremely well in disturbed but 
protected sites in the territory. While fire exerts selective pressure on individual 
species, the composition of the re-established community also depends on the pre-
bum floristic structure because Tsing Yi Island and Tai Mo Shan are only a few 
kilometers apart. 
The herbaceous species were the first to regrow 2 weeks after fire in 
February. This was followed by the shrub and woody species in May. The trend 
agreed reasonably well with findings by Moreno and Oechel (1991). 
Ten of the 14 species regenerated by vegetative means. M floridulus, L 
aristatum, V. maackii and S. china regenerated from rhizomes while A. glutinosum, B. 
frustescens, E. chinensis, 1. asprella, M. candidum and R. reflexus regenerated from 
root stocks. This clearly shows that species capable of regenerating vegetatively have 
a competitive advantage over those from seeds. This is in agreement with the 
suggestion that in humid environment, regeneration of shrub species is principally 
from underground organs that survive the fire (Specht 1981). As a corollary woody 
shrubs in possession of root stocks, for example B. frustescens and E. chinensis, are 
transitional species in the successional development of the disturbed ecosystem. 
Regeneration from seeds and spores was found for 4 species only. For this 
to happen the soil must contain a large reserve of seeds before fire (Hobbs et al 1984) 
107 
or spores are available from propagules not far away from the disturbed site. As M. 
dodecandrum is a prolific producer of seeds, the heat could have softened the hard 
seed testa and triggered off germination in May. This is of course a very delicate 
process because seeds of all species were killed by slow buming litter fires when the 
temperature exceeded 80�C (Hodgkinson and Oxley 1990). In a local prescribed bum 
on grassy slope, the mean maximum soil temperature at 3 cm was only 40°C (Chau 
1994). Other factors being equal, it is highly possible for the buried seeds to survive 
this temperature. As D. linearis and L cernuum are abundant in Tai Mo Shan, their 
spores could easily invade the bumt site. 
Having re-established themselves in the disturbed site, how can the species 
sustain growth on the strongly acidic and nutrient deficient soil? This is partly related 
to physiological characteristics of the species. Indeed, more than 30% of the 
regenerated species are classified as acid soil indicator plants, namely L cernuum, D. 
linearis, E. chinensis, M candidum and M dodecandrum (Hou 1982). As pioneer 
species were found in disturbed sites, they tolerate strong acidity, high Al saturation 
and nutrient deficiency. Thus their presence is not only a reflection of the selective 
pressure off i re but also an indicator of the soil conditions in the local environment. 
6.4.2 Nutrient composition of regenerated species 
Nitrogen is an important element in plant nutrition. Plants contain on the 
average 1.5% total N on dry weight basis (Tisdale et al 1993; Table 6.3). Twelve of 
the 14 regenerated species accumulated more than 1.5% in their foliage, except for B. 
frutescens (0.71%) and M. floridulus (1.41%). The young leaves of the regenerated 
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species assimilate N rapidly, taking advantage of the flush of NH4-N after fire (see 
Chapter 3). The three pioneer species that regenerated in February yielded 
exceptionally high N, 2.91% for 1. aristatum, 2.89% for M. floridulus and 4.28% for 
V. maackii, a phenomenon rarely seen in mature non-nitrogen fixers including the 
grasses. Indeed，N content of the same species dropped rapidly with season, typical of 
the dilution effect (Figure 6.1). As a corollary, species in possession of underground 
rhizomes are strong competitors of nitrogen. It is however premature to conclude that 
N is abundant in the soil bearing in mind we are comparing relatively young species 
against the average mature ones. 
Table 6.3 The average concentrations (% ODW) of some essential plant nutrients. 
Plant nutrient Average concentrations(^) Present study 
N ‘ 1.5 % 0 .7-3 .15 % 
p 0.2 % 0.03 - 0.08 % 
K 1.0% 0.35 - 2.38 % 
Ca 0.5% 0.05-1.01 % 
Mg 0.2 % 0.08 - 0.32 % 
(1) Tisdaleera/. (1993). 
Uptake of mineral N after fire is also steady and increases progressively 
throughout the summer months (Figure 4.2). As peak NH4-N was recorded for May 
(42.85 \ig g-i) and June (43.87 \ig g"^), does this peak production foster the 
regeneration of the other 11 species? The steady and high uptake rate (0.25 ^g g'^  day' 
1 in May and 0.95 |Xg g'^  day'^ in June) together with the vigorous growth (coverage 
increased from 4.5% in February to 44.3% in May) obviously supported this 
suggestion. 
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Unlike nitrogen, the phosphate ion quickly reacts with Al, Fe and Mn 
under strongly acid soil conditions to form insoluble complexes (Foth 1990). As only 
trace amount of available P was recorded in the present study (see Table 3.1)，P 
always appeared to be deficient in the soil. However, deficiency symptom such as 
purplish colour in the foliage was not found in the regenerated species. Although 
vigorous growth was recorded during the summer months (see Table 6.1)，P content in 
the foliage was less than 0.1%, which is far below the average value of 0.2% (Table 
6.3). P content was relatively high for the species regenerated in February, being 
0.16% for I. aristatum, 0.13% for M floridulus, and 0.22% for V. maackii. While the 
species are adaptable to low P soils, foliage concentration decreased with age as a 
result of the dilution effect. 
While K, Ca, Mg and Na are deficient in the soil (see Table 3.1)，what is 
their distribution pattem in the regenerated species? Half of the regenerated species 
yielded more than 1% K in their foliage, viz. A. glutinosum (1.15%), C asiatica 
(2.38%), 1. aristatum (1.25%), M dodecandrum (1.47%), M. floridulus (1.18%), R. 
refluxes (1.13%) and V. maackii (1.78%). C. asiatica accumulated the highest K of 
2.82% in February, 2.18% in May and 2.15% in November. This is probably a result 
of the shallow and extensive root system that can compete for K in the surface soil. 
Wild (1988) also found that grasses were strong extractors o f K with their extensive 
root systems. This might also explain the rapid regeneration of the two grasses, 
Laristatum and M. floridulus, which yielded 2.01% and 1.23% K in February, 
respectively. 
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Majority of the species yielded less than 1% Ca, Mg and Na. While the 
average concentration of Ca in plant is 0.5% (Table 6.3), only A. glutinosum (0.52%), 
M. dodecandrum (0.75%) and M candidum (1.01%) yielded comparable or relatively 
higher concentrations. More important still, Ca of the pioneer species regenerated in 
February was 0.1% for I. aristatum, 0.05% for M floridulus and 0.34% for V. , 
maackii, which were far below the average plants. As Ca level is low in the soil, the 
species in this fire-prone community are either not in great demand of Ca or the 
accumulation will increase with age. Indeed, Ca is a structural element which exists in 
the form of calcium pectate in the cell wall. No doubt it increases with plant age, a 
phenomenon in sharp contrast with N, P, K, Mg and Na. 
Although the regenerated species varied in chemical composition, a few 
generalizations could still be made. Majority of them accumulated large quantity o f N 
and K, moderate levels of Ca and Mg, but relatively low levels of P. This pattem is 
clearly a reflection of the bioavailability of nutrients in the soil as well as the age of 
the plant. It is，however, premature to conclude that any of the investigated nutrient is 
limiting to growth of the regenerated species. Instead, the nutrient supplying capacity 
of the soil in relation to successful development warrants further study. 
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6.4.3 Recovery and erosion control 
On steep terrains subjected to excessive runoff, nutrient conservation is 
most essential to long-term productivity of the ecosystem. Amongst the factors 
conducive to this end is the maintenance of an efficient vegetative cover. How can this 
be achieved when fire frequency is high? 
While the species varied in their means of regeneration and speed of 
recovery, all the grasses, fems and shrubs have re-established in May (3 months after 
buming), yielding a total coverage of 44.3% of the bare ground. Towards the end of 
the study in November, the bumt area had produced a grassy appearance intermingled 
with broad-leaved shrubs which constituted a coverage of 95.2%. We believe the 
semi-combusted plant materials, vigorous immobilization and uptake of mineral 
nitrogen, as well as rapid recovery of the vegetation are mechanisms through which 
this disturbed site can conserve much of the nutrients. This will be elaborated further 
in the concluding chapter. 
6.5 Conclusion 
From findings of the present experiment, the following conclusions can be 
summarized: 
1. Fourteen native species from 12 families regenerated after the low 
intensity fire. These included 1 creeping vine {Melastoma dodecandrum), 2 climbers 
{Lycopodium cernuum and Smilax china), 1 fem {Dicranopteris linearis), 3 herbs 
{Veratrum maackii, Adenosma glutinosum and Centella asiaticd), 2 grasses 
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(Ischaemum aristatum and Miscanthus floridulus) and 5 shrubs {Melastoma 
candidum, Eurya chinensis, Ilex asprella, Rubus reflexus and Baeckeafrutescens). I. 
aristatum, M. floridulus and V. maackii were the first species to regenerate 2 weeks 
after fire in February and yielded 4.5% total coverage of the bare ground. By May all 
other species had reestablished in the disturbed site. M floridulus was the most 
dominant species at all times, followed by E. chinensis and V. maackii. 
2. 70% of the species regenerated vegetatively from rhizomes and root 
stocks, which is typical of Hong Kong's pyrogenically determined native plant 
communities. C asiatica and M dodecandrum, regenerated from seeds and D. 
linearis and L cernuum from spores. 
3. The regenerated species re-established themselves rapidly after fire. The 
number of regenerated species increased from 3 in February to 14 in May and 
thereafter. Total coverage increased progressively from 4.5% in February, 44.3% in 
May, 93.5% in August to 95.2% in November. Although V. maackii was one o f t h e 
first species to regenerate, its coverage dropped drastically from 6.5 % in May to 1.2% 
in August subsequent to leaf senescence. 
4 The regenerated species benefited from the flush of nutrients after buming 
and accumulated high levels o f N and K but low levels o f P in the foliage. With the 
exception of Ca, the foliage concentrations of N, P, K, Mg and Na decreased with 




7.1 Summary of flndings 
The low intensity fire caused a series of changes in the soil. The new bumt 
soil remained strongly acidic ^pH 4.41). Buming suppressed exchangeable Al (5.30 
cmol kg-i) but increased exchangeable H (8.52 cmol kg] ) of the soil. With the abrupt 
increase o f H ions, total exchangeable acidity increased from 9.88 to 13.82 cmol kg] . 
Fire also increased organic matter (9.02%), TKN (0.33%) and NH4-N (17.69 ^ig g"^) 
o f t h e soil. However, NO3-N (1.97 ^ig g^) and total P (0.02%) were reduced while 
mineral P was barely detected in the new bumt soil. The low intensity bum did not 
cause a flush of nutrient cations, which was in disagreement with other studies. 
Exchangeable K (0.15 cmol kg^), Ca (0.03 cmol kg]) and Mg (0.02 cmol kg"^) were 
reduced and Na (0.03 cmol kg]) remained unchanged after fire. Although ECEC 
increased from 10.70 to 14.06 cmol kg"^  after buming, it was due to a disproportionate 
increase of exchangeable H, not the bases. 
Soil chemical properties fluctuated with seasons after buming. Soil pH 
increased from 4.41 in February to 4.58 in May because the rainfall recorded prior to 
sampling (172.5mm) had dissolubilized some metal oxides contained in the residue 
ash. Exchangeable Al increased drastically from February (5.30 cmol kg"^) to May 
(11.75 cmol kg-i) but declined thereafter. Exchangeable H decreased steadily with 
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seasons, so was the total exchangeable acidity. Exchangeable K, Na, Ca and Mg 
remained low throughout the study. Base saturation of the soil ranged 0.90-1.69% 
only. The concentrations of cations were lower in summer than in winter because of 
the difference in leaching potential. 
Although the soil was rich in organic matter (7.83-10.37%) and TKN 
(0.31-0.39%), mineral N constituted less than 1% of the total nitrogen. Furthermore, 
95% o f t h e mineral N was dominated by NH4-N. A negligible amount ofNO3-N was 
recorded in February (1.97 ^ig g ] ) and August (0.33 ^ig g ] ) but not in other months. 
On the other hand, the acid soil was deficient in total and available P. 
Ammonification predominated over nitrification in the in situ soil 
throughout the study period. Pronounced seasonal variations 0fNH4-N were recorded. 
NH4-N production amounted to 17.69 ^g g ] immediately after fire, peaked in May 
(42.85 ^ig g-i) and June (43.87 ^g g'^) but declined thereafter. Immobilization 0fNH4-
N was active in the soil. Net ammonification was only recorded for incubation in July, 
averaging 0.56 ^g g" d a y � W h i l e a negligible amount 0fNH4-N (0.03 ^ig g ] day"^) 
was leached from the soil in May, uptake 0fNH4-N by plants increased progressively 
in May (0.25 ^ig g"^  da/)，June (0.72 ^ig g"^  d a y ’ and July (0.82 ^ig g"^  d a / ) . 
A less discernible seasonal pattem was observed for NO3-N. Peak NO3-N 
production was recorded immediately after fire (1.97 ^ig g ] day“）and there appeared 
a tendency to decline from July onwards. Unlike NH4-N, net nitrification was 




day-i) and August (0.06 [ig g ] day]), albeit low in absolute quantity. Although NO3-
N was relatively mobile, leaching was only observed for the incubation in May (0.03 
^g g ] day-i). 
N immobilization was active in this new bumt soil. Net N mineralization 
was only observed in July, averaging 0.56 ^ig g^ day]. Leaching loss of mineral N 
was insignificant notwithstanding the high rainfall in summer. Plant uptake ofmineral 
N increased steadily and progressively towards the summer growing season. NH4-N 
was preferred to NO3-N for plant assimilation as less energy was required. 
Strong acidity is a limiting factor for ammonification, but not nitrification 
and P mineralization. NH4-N production was enhanced when the new bumt soil was 
amended with dolomitic limestone to a pH range of 5.5-6.5. Peak ammonification was 
recorded when the soil was limed to pH 6.0, yielding 52.84 and 53.39 ^ig g'^  after 
incubating the substrates for 2 and 6 weeks, respectively. Immobilization of NH4-N 
was dominant when the limed substrates were incubated for 6 weeks, with the 
exception at pH 6.0. 
The amendment with P significantly reduced NH4-N production. 
Ammonification was also suppressed in the combined lime x P treatments but the 
magnitude of decrease was less when compared with the P treatments. Lime and P 
therefore appeared to have a counteractive effect on soil ammonification. As NO3-N 
and PO4 were not detected in any of the amended substrates, it is not known whether 
the same conclusion can be made for nitrification and P mineralization. 
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Fourteen native species from 12 families regenerated after the low 
intensity fire. These included 1 creeping vine {Melastoma dodecandrum), 2 climbers 
{Lycopodium cernuum and Smilax china), 1 fem {Dicranopteris linearis), 3 herbs 
{Veratrum maackii, Adenosma glutinosum and Centella asiatica), 2 grasses 
{Ischaemum aristatum and Miscanthus floridulus) and 5 shrubs (Melastoma 
candidum, Eurya chinensis, Ilex asprella, Rubus reflexus and Baeckea frutescens). 
Laristatum, M. floridulus and V. maackii were the first species to regenerate in 2 
weeks time after the passage of fire. The number of regenerated species increased 
from 3 in February to 14 in May and thereafter. Total coverage increased 
progressively from 4.5% in February, 44.3% in May, 93.5% in August to 95.2% in 
November. While most of the species regenerated vegetatively from rhizomes and 
root stocks，C. asiatica and M. dodecandrum regenerated from seeds and D. linearis 
and L cernuum from spores. They benefited greatly from the flush of NH4-N after 
burning. 
Although the regenerated species varied in chemical composition, a few 
generalizations could still be made. Majority of them accumulated large quantity o f N 
and K，moderate levels of Ca and Mg, but relatively low levels of P. For species 
regenerated in February (e.g. I. aristatum, M. floridulus and K maackii), they tended 
to accumulate more N in the leaves than other species. This agrees reasonably well 
with NH4-N flush in the soil after fire. With the exception of Ca, the concentrations of 
N，P, K, Mg and Na decreased with age of the plant as a result of the dilution effect. 
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7.2 Implications of the study 
7.2.1 Is hill fire hazardous or beneficial to the local environment? 
Fire can be hazardous or beneficial to ecosystems, depending on nature of 
the fire, characteristics o f the vegetation and objectives of management. Hong Kong is 
a small territory where 40 percent o f the area have been designated as country parks. It 
is a valuable asset, fulfilling the three objectives of recreation, conservation and 
education. Do we need fire to assist regeneration, control disease and maintain a stable 
supply of soil nutrients? What role does hill fire play in the local environment, 
hazardous or beneficial? 
The soil under investigation is strongly acidic, high in exchangeable 
acidity, but deficient in cation nutrients and available P. Indeed, similar soils are 
extensively found in subtropical China. Are these properties then a result o f t h e parent 
materials o f t h e area or hill fire? There is no simple answer to this question because 
soil formation is beyond the scope o f t h e present study. However, evidence from the 
field clearly shows that hill fire exerts a strong influence not only on nature of the 
vegetation but also properties of the soil. 
The study area is dominated by grassland, which can either be a climax 
vegetation itself or a plagioclimax vegetation dictated by anthropogenic fires. With a 
monsoonal climate, subtropical China used to support a climax vegetation of semi-
deciduous hardwood forests a thousand years ago (Thrower 1975). It was reduced to 
grassland as a result of excessive cutting and the repeated occurrence of fire. Where 
fire has been absent for two or more years, there is invasion of shrub species in the 
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field. In areas protected from fire for 15 or more years, woodlands will replace the 
grasslands. We therefore conclude that the grassland in Tai Mo Shan is predominantly 
a product of repeated buming. 
The grassland represents a species-poor community because only fourteen 
species are recorded. This is in agreement with a separate study on prescribed buming 
in Hong Kong (Chau 1994). Furthermore, they represent twelve families of the plant 
kingdom. The low species diversity clearly suggests that hill fire exerts tremendous 
selective pressure on the vegetation. Only species with specific adaptive traits and 
regenerative capacity can survive in this fire-prone environment. 
Fire intensity is as important as frequency in shaping the ecosystem. In 
Hong Kong the countryside is predominantly covered by a layer ofblackened ash and 
semi-combusted plant materials after the passage of fire. Are these not the indicators 
o f a l o w intensity fire? What are the effects typical of a low intensity fire and can they 
last long? 
The low intensity fire resulted in a flush of NH4-N against the control. 
Although ammonification increased rapidly in the summer months due to the 
combined effect of rain and ash, it declined from July onwards. Nitrification 
fluctuated but declined with seasons. There was a delayed increase of soil pH in May; 
however, this positive effect disappeared in June. While exchangeable Al was 
significantly suppressed by fire, it doubled again in May. A reverse trend was found 
for exchangeable H which decreased rapidly in summer. The effects of low intensity 
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fire on mineral N, pH and exchangeable acidity are, therefore, ephemeral, lasting no 
more than a season. 
On the other hand, the low intensity fire has no direct effects on nutrient 
cations of the soil. Majority of the nutrients are still locked up in the blackened ash 
and semi-combusted plant materials. The seasonal fluctuations largely represent a 
balance between plant uptake, leaching and inherent mineralization of the soil, not 
inputs from the ash. Of course, the removal of ash materials by surface runoff can 
represent a major pathway ofnutrient loss from the system. This is, however, beyond 
the scope of the present study. 
Perhaps the only lasting effect of the low intensity fire is organic matter of 
the soil. The high organic matter content of this grassland soil (7.83-10.37%) is partly 
sustained by periodic inputs of semi-combusted organic materials. Of course the 
higher the frequency of fire, the more obvious will be this effect. 
The frequent occurrence of low intensity fire, therefore, arrests ecological 
succession at the grassland stage. The floristic composition is simplified while 
intermittent burning may also result in loss of ash materials by surface runoff. The soil 
remains strongly acidic, high in exchangeable acidity but deficient in NO3-N, 
available P, and cation nutrients. The flush 0fNH4-N is short-lived too. We therefore 
conclude that hill fire is hazardous to the local environment, being the major threat of 
our country parks. 
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7.2.2 Mechanisms to conserve nutrients in a fire-prone environment 
Much have been said about the low nutrient status of this repeatedly bumt 
soil. Several soil processes warrant further discussion in light of the nutrient-
supplying capacity of the soil. 
First, ammonification and nitrification can proceed under strongly acidic 
conditions. Contradictory to findings ofPuichase (1974a & b)，the deficiency o f P is 
not a limiting factor to N mineralization. Second, immobilization 0fNH4-N occurred 
in February and November while vigorous uptake of the element is observed in 
summer. Third, although NH4-N is reasonably abundant in the soil, nitrification rate 
remained low throughout the study. This is accompanied by rapid plant uptake, a 
trend similar to NH4-N. 
Nitrogen is one of the most important nutrients governing ecosystem 
productivity. It can be lost from the ecosystem via leaching, gasification, 
denitrification and surface runoff. How can nitrogen be maintained in a stressed 
ecosystem where nitrogen-fixing legumes are few? 
The soil under investigation is rich in organic matter and TKN due to 
reasons discussed. In light of the periodic loss of land cover in fire, N can be 
maintained by a multitude of mechanisms inherent to this soil. These include the 
overwhelming dominance of NH4-N immobilization, low nitrification rate, rapid 
uptake of mineral N and insignificant leaching. Of course, the rapid regeneration of 
species also provides a land cover against erosion. 
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7.2.3 Natural regeneration or reforestation? 
The regeneration ofspecies was extremely rapid in the bumt site; coverage 
increased progressively from 4.5% in February, 44.3% in May and 93.5% in August 
(see Chapter 6). The native vegetation is able to regenerate via seeds, spores, root 
stocks and rhizomes. They benefit from the flush 0fNH4-N and grew rapidly. What 
are the implications ofrapid regeneration in light of ecosystem restoration? 
In ecosystem restoration three levels of land disturbances can be identified 
according to the severity o f the disturbance. They are, in ascending order of severity, 
vegetation disturbance, soil disturbance and soil destruction (Aber 1990). A bumt site 
represents a least disturbed area where only the vegetation cover is removed by fire. 
The soil profile remains intact, although seasonal fluctuations of nutrients do occur. 
While species can regenerate rapidly from the site, there is no reason why a more 
vigorous restoration programme cannot be initiated to accelerate ecosystem 
development after fire. What do we have to consider next? 
Species selection is a crucial step in ensuring the success ofrestoration. In 
Hong Kong prior to the mid-1980s, more than 85% of the species used in landscape 
restoration were exotics. Since then there has been more use of indigenous species, 
due to lobbying of pressure groups on the government. However, the results are not 
always acceptable because species do not often match with the disturbed environment. 
For instance Cinnamomum camphora and Liquidambar formosanna fail to grow on 
borrow areas and badlands dominated by granitic soil because they represent late 
successional species in the vegetation gradient. In light of this challenge, we have to 
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successional species in the vegetation gradient. In light of this challenge, we have to 
choose species that can tolerate strong acidity, high Al saturation, low P, K，Ca and 
Mg concentrations. What are they? Perhaps, some of the indigenous acid soil indicator 
plants are suitable for this purpose, notable examples being Machilus spp., Schima 
superba, Tutcheria spectabilis and the like. Of course, the inclusion ofnitrogen-fixing 
legumes would be an additional advantage because they can overcome the problem of 
fluctuating N supply in soil. 
While the use ofacid soil indicator plants will greatly enhance the success 
of restoration, we must not ignore the nutrient-supplying capacity o f t h e soil. Better 
growth can be attained from slightly acid to neutral soil due to a more balanced 
nutrient supply. How can growth be promoted in the bumt soil? Will the addition of 
fertilizer alone be sufficient in this regard, as is now a standard practice of the 
Agriculture and Fisheries Department? 
It was found in the mineralization experiment that lime could enhance 
NH4-N production and suppressed Al toxicity of the soil. There is no reason why lime 
should not be added to ameliorate soil acidity and to improve nutrient availability 
before planting. The adoption of surface liming or deep liming, however, warrants 
further research. 
7.3 Limitations of the study 
In the present study, in situ sequential coring incubation was employed to 
determine the rate o f N mineralization, leaching and uptake (Raison et al 1987). It is 
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more direct and simpler than the laboratory incubation techniques in which 
pretreatment of the soil, such as sieving, might augment NH4-N and NO3-N 
production. As no method is perfect, the soil environment during in situ incubation is 
altered through (i) cessation of the carbon input from decomposing litter, and from 
fine-root turnover, (ii) increased carbon inputs from severed roots, (iii) modification 
o f the moisture and temperature regimes relative to bulk soil, and (iv) accumulation of 
inorganic N (Adams et al 1989). In our study, when the open cores were flooded with 
water in the summer months, higher mineralization rate was recorded. It was in 
disagreement with the principle that denitrification occurs under anaerobic condition 
(Alexander 1977). Perhaps these cores were only flooded temporarily. Due to the 
higher mineral N recorded for open cores, leaching was absent. Although we 
attributed this to the effect ofmoisture on N mineralization and concluded that the Tai 
Mo Shan ecosystem has evolved a mechanism to conserve nutrients, the in situ 
incubation method may be more suitable for use in moderate to low rainfall areas. 
In addition, the in situ incubation method involves sampling and analysis 
ofpaired cores to accommodate the high spatial variability o f N mineralization. This 
proved very demanding in terms of sample handling and analysis (Anderson and 
Ingram 1989). As the present study was constrained by time, manpower and 
resources, only 15 sampling points were investigated in the new bumt site. Chapters 3 
and 4 clearly showed that the soil properties and in situ mineralization were highly 
variable within site and between seasons. The precision of the results will, of course, 
be improved with more intensive sampling. 
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The present study focused only on the upper 0-10 cm soil in which total N, 
organic C and plant roots are concentrated. However, most of the fire studies found 
that the effects of buming were usually confined to the upper few centimetres of the 
soil (Smith 1970; Raison 1979; Tomkins et al 1991) and that the severer the buming, 
the greater the effects on soil properties (Bauhus et al 1993). Chau (1994) reported 
that the mean maximum temperature of a local grass fire exceeded 600°C 5 cm above 
ground level but was less than 40°C at 3 cm below the soil surface. Thus, the effects 
o f f i r e on the top 10 cm soil in the present study could have been underestimated. 
The soil under investigation is strongly acidic, rich in exchangeable Al and 
organic matter. In the liming experiment, the soils were amended with dolomite to 
pre-determined pH levels of 5.0, 5.5, 6.0, 6.5, and 7.0. There have been no 
considerations o f t h e buffering capacity, CEC, and mineral and organic colloids o f t h e 
soil. The amended substrates matured in the course of incubation, resulting in an 
overall drop of pH values. Thus the results obtained from this experiment must be 
treated with care. While strong acidity and high Al saturation suppress 
ammonification，liming undoubtedly foster NH4-N production in the soil. However, 
the optimal pH range for ammonification to proceed may vary slightly. 
The present study adopts a retrospective approach in assessing the effects 
of fire on soil chemical properties. This is different from the zero-time approach in 
which changes in soil chemical properties can be assessed directly on the same site 
before and after buming. This is, however, impossible because the AFD does not 
permit the start o f f i r e in country parks. Instead, a nearby grassland site was chosen as 
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the control site, which had been subject to similar fire effect. As no two sites are 
similar, we must bear in mind this constraint in our interpretation of the data in 
Chapter 3. 
7.4 Suggestions for future study 
As the Agriculture and Fisheries Department has a reasonably good fire 
record o f t h e country parks for the last two decades, this offers great opportunitiesin 
the study of fire ecology on a long-term basis, especially its impact on nutrient 
cycling, vegetation succession and ecosystem productivity. The present study 
represents a preliminary work on the short-term effects of a frequent low intensity fire 
on soil chemical properties and vegetation. While the findings are of practical 
significance in understanding more about ecological succession and reforestation, 
many questions remain unanswered. • 
^ One o f t h e most interesting questions is: what is the nutrient status along a 
vegetation chronosequence dictated by fire? In the absence of fire, the natural 
succession of the local vegetation is along the sequence of grass — scrub •> forest 
(Hodgkiss et al 1981; Thrower and Thrower 1986). How will fire affect the nutrient 
cycling and productivity of this vegetation gradient? Will nutrients build up along the 
chronosequence both as a result of and a response to vegetation development? How do 
N and P mineralization differ among the grassland, scrubland and woodland? With a 
good fire record and the availability of representative sites, it is worthwhile to initiate 
a study on the long-term effect of fire with special emphasis on nutrient cycling and 
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ecosystem productivity which are least understood in the literature (Raison et al 
1993). 
The present study focused on the chemical properties of a new bumt soil 
What are the effects of fire on soil physical properties bearing in mind that Tai Mo 
Shan is a fire-prone area? Hydrophobic property of soil had been documented for 
repeatedly bumt area (Giovannini and Lucchesi 1983; Giovannini et al 1988). Has 
the soil in Tai Mo Shan developed a similar property and, if so, what is its effect on 
soil mineralization and leaching, as well as growth of the regenerated species? With a 
steep topography and excessive runoff in summer, water can be a limiting factor to 
plant growth in Tai Mo Shan. Another pertinent question is: How will low intensity 
fire affect the microbial activities in soils? As the local soil is deficient in nitrates, is it 
because nitrifiers are few in the soil? The addition of lime did not result in any 
measurable NO3-N, indicating that acidity is not an important factor inhibiting 
nitrification. Could it be due to the quality of the organic matter or other 
environmental factors? 
Phosphorus availability is exceedingly low in the acid soil due to 
complexation with soluble Al, Fe and Mn. The addition o f P did not result in elevated 
levels ofmineralization (see Chapter 4) and mineral P was virtually not detected in the 
amended substrates, indicating rapid fixation under strongly acidic conditions. While 
the Truog method used in P determination is applicable to acid soil, it is perhaps 
worthwhile to explore alternate methods in the determination of P (e.g. Mehlic I and 
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III method) so that a better relationship can be established between extractable P and 
vegetation growth. 
Indeed, the effects of fire on P are poorly characterized (Binkley and 
Christensen 1992). What effects heat has on the complexes o f t h e element with Al, 
Fe, Mn and organic matter? While fire exerts a selective pressure on the grassland 
community, is P a limiting factor to development of an ecosystem characterized by 
high species diversity? Alternatively, are the species of this plagioclimax community 
adaptable to low P soils and, if so, how and from what sources do they obtain P? How 
does P suppress ammonification and inhibit nitrification in this soil? 
In studying the long-term effect off i re on soil nutrient budget, gasification 
and volatilization loss are relatively poorly understood (Raison et al 1993). In 
addition, the study ofnutrient budget will not be complete, without reference to the 
removal of ash by runoff and wind. 
One way to tackle reinstatement of the fire-affected area is to speed up 
ecological succession through reforestation. In Hong Kong, there is recently a debate 
on the pros and cons ofusing indigenous and native species in ecosystem restoration. 
Traditionally, exotic species are used in conservation planting, restoration ofbadlands 
and landfills. The exotic legumes, Acacia confusa, A. auriculiformis and A. mangium， 
outperformed many other species on derelict sites. There is no reason why native 
species should be excluded in the restoration of fire-damaged areas. Likewisely, 
native legumes can be used because they have a capacity to fix atmospheric nitrogen 
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and to ameliorate the impoverished soil. Will the flush of NH4-N immediately after 
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